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1. Asa consequence of the intimate connection between emission 
and absorption, there exists, closely corresponding to the magnetic 
separation of emission lines, a magnetic division of absorption lines. 
The dark lines which appear in a continuous spectrum, if a beam 
of white light traverses an absorbing flame, are divided and polar- 
ized under the influence of magnetic forces in exactly the same 
way as the emission lines. This correspondence between emission 
and absorption was shown to exist in some of the earliest experi- 
ments on the subject by one of the present authors. Our knowl- 
edge of emission spectra under magnetic influence has since been 
extended considerably. The experimental study of the inverse 
effect, i.e., the magnetic division of absorption lines, has however 
advanced less. 

After the first experiments of the first-named of the authors of 
this paper, the change of absorption lines in a magnetic field was 
studied by Kénig? and Cotton; Righi* made an elaborate study 

* Paper presented in three parts to the Royal Academy of Sciences of Amsterdam. 
From the Proceedings of the Meetings of Jan. 29, Feb. 26, May 28, and June 25, 1910. 

2 Annalen der Physik, 62, 240, 1897. 

3 Eclairage électrique, 5 et 26 mars 1808. 


4“Sul fenomeno di Zeeman nel caso generale d’un raggio luminosa comunque 
inclinato sulla direzione della forza magnetica,’’ Mem. di. Bologna, 17 Dicembre 1899. 
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of the subject, to which we have to return later on. It contains 
the only investigation of the magnetic effect in a direction inclined 
to the lines of force. Closely connected with our subject are finally 
some observations by Lodge and Davies’ on the influence of a 
magnetic field on flames emitting “‘reversed”’ lines. 

The consideration of the inverse effect forms the basis of Voigt’s 
magneto-optical theories;? and it is considered also by Lorentz’ 
in his investigation of the magnetic separation in a direction inclined 
to the line of force. 

Theory indicates different points, which may be tested by 
experiment. The inverse effect has become of supreme interest in 
solar physics, since Hale’s* discovery that the dark lines of the sun- 

spot spectrum exhibit the characteristic 
phenomena of magnetic separation. 


a | 
g | | | | J The experiments we intend to de- 
scribe in the present communication 
a | | L423 relate to the division of the sodium 
6 | | ‘ie lines D, and D,. Some of our results 


may already be found in the work of 
the authors cited, but in order to 
present the subject in a connected form it seemed necessary not 
to exclude these. 

The facts now ascertained in combination with former results 
appear to be of some value in explaining peculiarities observed in 
sun-spot spectra. Some instances will be given later on. 

2. Type and relative amount of the magnetic division of the 
sodium emission lines, D, and D., are given in Fig. 1. 

a represents the observations when the line of sight is at right 
angles to the magnetic field, when it is parallel to the field. 

In a weak magnetic field, D, exhibits the triplet type at right 
angles to the field; the doublet type, if the light is examined parallel 
to the lines of force. D, seems to exhibit a doublet in both principal 
directions. 

* Proc. Roy. Soc., 61, 413, 1897. 

2 Magneto- und Elektrooptik, chap. iv and the papers there cited. 

3 Proceedings of the Royal Academy of Sciences of Amsterdam, 12, 321, 1909. 


4“On the Probable Existence of a Magnetic Field in Sun-Spots,”’ Contributions 
from the Mount Wilson Solar Observatory, No. 30; Astrophysical Journal, 28, 315, 1908. 
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The Fraunhofer lines in the spectra of sun-spots investigated by 
Hale are either broadened, or changed to doublets (often incom- 
pletely resolved quartets), or to triplets. The resolutions exhibited 
by sodium vapor are therefore the very types of special importance 
to astrophysics; this and also the facility of producing sodium 
vapor in the magnetic field induced us to commence our experiments 
with this substance. 

3. The explanation of the inverse effect is easily understood by 
means of the well-known law of resonance. If there are in a flame 
under the influence of a magnetic field three periods of free vibra- 
tions, then we may expect that from incident white light, vibrations 
of just these three periods will be taken away. The absorption 
is a selective one, with the peculiarity that the selection refers not 
only to the period but also to the direction of vibration. Consider 
for example the central component of a triplet which in the emission 
spectrum is due to vibrations parallel to the field. From incident 
white light, only vibrations corresponding as to period, as well as to 
direction of vibration with the middle component, are absorbed. 
Vibrations perpendicular to the field, though of the period of the 
unmodified line, pass unimpeded. On the contrary, white light 
of periods coinciding with those of the outer components is deprived 
of its vertical constituents only. 

It will be clear from these very simple considerations what we 
may expect to observe with white light under the conditions of the 
experiment. The arrangement was the following: White light of 
the incandescent positive pole of an arc lamp traverses a sodium 
flame, placed between the poles of a Du Bois electromagnet. This 
light is analyzed by means of a stigmatic spectroscope having a large 
Rowland grating. The observations are made in the first order. 

If the observation is made at right angles to the lines of force, 
we see in the continuous spectrum four dark components in the 
case of D,, six dark components in the case of D,, as represented for 
both lines under a in the diagrammatical Fig. 1. In order to observe 
all these components the field must be strong and the vapor-density 
adapted to the field. The groups of lines indicated by 0 are seen, 
if the light is examined axially. All these components, if narrow, 
are seen only diffuse and not black. From the considerations above 


ure 
P 
| 
| 


332 P. ZEEMAN AND B. WINAWER 


given the reason will be clear at once: each of the components 
absorbs only /alf the incident natural light. With very diluted 
vapor no absorption at all or only very weak traces of absorption 
are seen. 

4. The introduction of a nicol in the beam, before or after the 
field, entirely changes the phenomenon. The absorption lines can 
then be seen very narrow and black. Let the observation be made 
at right angles to the horizontal field, then, if the nicol is placed 
with its plane of vibration vertical, D, exhibits its two, D, its four 
outer components. After a rotation of the nicol through 90 
both D, and D, give only the two horizontally vibrating components. 

Let a beam of natural white light traverse axially the mag- 
netized vapor placed between the perforated poles of an electro- 
magnet. Then by means of a quarter-wave plate and a nicol we 
may quench either the right-handed or the left-handed circularly 
polarized component. 

A combination of a quarter-wave plate and a nicol, converting 
incident light into right-handed circularly polarized light, may be 
called a right-handed circular analyzer. The absorption line corre- 
sponding to a right-handed circularly polarized component is seen 
with both increased clearness and darkness by examining it with a 
right-handed circular analyzer. We introduce this simple matter 
here because there has been occasionally some confusion on this 
subject. 

5. The behavior of horizontal and vertical vibrations may be 
studied simultaneously by using a calc-spar rhomb, according to 
the suggestion of Cornu and Kénig. By means of it we can obtain 
two oppositely polarized images of a horizontal slit of suitable 
width, placed near the magnetic field. Right-handed and left- 
handed circular vibrations can be separated on the same plan by 
the introduction of a Fresnel rhomb between the calc-spar and the 
slit of the spectroscope. 

It is, however, of considerable interest to examine also the 
behavior of the lines in natural light. A separate examination 
after the removal of the polarizers might be made. The vapor- 
density ought to be the same in both experiments. It seems 
difficult to realize this, in practice. 


i 
} 


MAGNETIC SEPARATION OF ABSORPTION LINES 333 


The desired end is secured more simply and surely, and with 
only half the labor, by adopting the width of the horizontal slit 
and the thickness of the calc-spar in such a manner that the two 
images given by the calc-spar partially overlap. We now obtain 
three strips; the central one exhibits the phenomena as seen with- 
out polarizing apparatus (see Fig. 2). The upper and lower 
strips show the influence of polarized light on the phenomenon. 

The observations given in this communication have been made 
by the method described. By its use all particulars of the phenom- 
enon are simultaneously exhibited; we also succeeded in photo- 
graphing the essential points. Examples of our photographs are 
given on the accompanying plates. 

6. If the absorption lines are not narrow or 
if the magnetic field is weak, the components of 
a magnetically divided line will partially overlap. 
This partial superposition is the cause of some 
peculiarities, especially manifest in the inverse 
effect and probably also apparent in sun-spot spectra. The nature 
of these peculiarities may be illustrated by a few examples. We 
will consider the case of the magnetic triplet and the magnetic 
doublet. 

In Fig. 3 the curves show the distribution of intensity of the 
three components of a triplet, if the light is examined at right angles 
to the lines of force. If natural light traverses a source of light 
placed in a magnetic field, two black bands are seen, corresponding 
to the wave-length for which vertical as well as horizontal vibrations 
are absorbed. These black bands are surrounded by less dark 
parts, which absorb only one of the principal vibrations, the other 
proceeding unimpeded (see paragraphs 3 and 4). 

If a nicol, with its plane of vibration vertical, is now introduced, 
two black bands are again seen. The darkest part of these com- 
ponents corresponds to the maximum of the curves relating to 
vertical vibrations. As a general rule the distance of the com- 
ponents exceeds that of the lines first considered. 

7. Parallel to the lines of force a partial, not too small, over- 
lapping of the components produces a black line limited by two 
less dark parts. This case is illustrated diagrammatically in Fig. 4. 
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The two components may be separated by a circular analyzer. 
These considerations may be applied to the magnetic division in 
sun-spot spectra; as a general rule we may expect that the separa- 
tion of lines in spot spectra becomes more distinct and of larger 
amount by the use of analyzers. 

The introduction of a nicol in the beam may also reveal lines 
invisible without analyzer. Several peculiarities observed in the 
distribution of intensity in spot lines remind one of the superposi- 
tion phenomena now specified;' see 19 below. 


FIG. 3 FIG. 4 


8. Superposition effects of nearly, though not exactly, the same 
nature occur if lines with the same direction of vibration are super- 
posed and if the continuous source of light emits unpolarized light. 
In the more complicated divisions the superposition now specified 
occurs also. It is just possible that the superposition of the outer 
components of the sextet, type D., produces only dark, that of the 
inner and the next outer components, black lines in the continuous 
spectrum. It is easily seen that also in the case of the quartet, 
type D,, black lines may be produced. The darkest parts may be 
seen somewhat nearer to the middle of the complete figure than the 
outer components of the quartet. It seems unnecessary to illustrate 


: A figure equivalent to the one now given concerning the influence of superposition 
of magnetically divided components was already drawn for emission lines in Zeeman’s 
“‘Doublets and Triplets in the Spectrum Produced by External Magnetic Forces,” 
Phil. Mag., 44, 55, July 1897. 
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this by figures. Examples of the actions specified will be given 
presently. 

g. Our observations and spectrograms also relate to the two 
principal directions (parallel and at right angles to the lines of force), 
and to directions inclined to the field. 

In the present, first, communication, observations are discussed, 
relating to five different angles between the field and the direction of 
propagation of the beam (Voigt’s ¢, Lorentz’ @). These values are: 
go’, 0°, 60°, 45°, 36°-39°. The results of the work relating to these 
angles have been recorded on nearly one hundred spectrograms. 

10. Observations perpendicular to the field. In the upper of 
the three strips which are present in the field of view (see 5), 
the light vibrates vertically; in the lower one, horizontally, where- 
as the middle part relates to natural light. 

Under the influence of the magnetic field we therefore see the 
vertically vibrating components as narrow black lines. The 
quartet of the D, line, the sextet of the D, line may be seen very 
clearly by this method. A small disturbance is produced by the 
narrow reversed lines due to the electric arc-light. The intensity 
of these lines depends upon somewhat variable circumstances of the 
arc itself. In some cases these lines are almost invisible, in other 
cases more prominent. They are to be seen on some of our 
reproductions; with our present subject they have nothing to do. 

As regards the central strip we refer to the remark previously 
made, that the image of the separation must become rather indefi- 
nite, and weak (paragraph 3), because the absorption is only partial. 
The partial superposition of components gives, at least in the case 
of diluted vapor, the most conspicuous lines (6 and 7). In the case 
of the quartet, for example, one sometimes sees, instead of four, 
only two components, situated between the inner and outer ones. 
We made experiments with different vapor-densities. The observed 
phenomena may be classified under three phases: 

1) The vapor is very dilute. The components are clearly visible 
in the upper and lower strips. In the central strip the absorption 
is either hardly perceptible (Plate XVI, Fig. 1) or the com- 
ponents of the quartet and the sextet are seen as separate, but 
weak lines (Plate XVI, Fig. 2). In this phase of the phenomenon 


pou 
q 
4 


336 P. ZEEMAN AND B. WINAWER 


the great difference of definiteness of the central and outer regions 
is very remarkable. This contrast is still more marked with eye 
observation. In order to obtain good photographs, it was necessary 
to increase the density of the vapor above the one required for the 
observation of the very first trace of absorption. 

2) Vapor of intermediate density. The components in the 
upper and lower strips are now no more separately visible, or 
only in the case of the quartet. In the central strip a superposition 
of the kind mentioned in 6 takes place. In place of the quartet 
an apparent doublet is seen, the components of which are situated 
between the outer and inner components of the quartet. This case 
is very clearly represented in Plate XVI, Fig. 3. The phenomena 
exhibited by the sextet (D, line) become rather complicated. The 
superposition phenomenon is often very distinct. The D, line 
on Plate XVI, Fig. 3, shows the appearance sufficiently. 

3) With still denser vapor, the components become very broad 
and the magnetic change hardly visible. The polarization of the 
edges of the broad line may be recognized. This phase is repre- 
sented in Plate XVI, Fig. 4. It corresponds to the emission effect 
as it was first discovered: a slight change of broad lines in a weak 
field. With still greater absorption the influence of the field becomes 
imperceptible. All these phases appear with great regularity. If 
the intensity of the field is known, it seems possible, the resolving 
power of the spectroscope being given, to deduce the density of the 
vapor from the nature of the observed phenomena. 

The phenomena of magnetic division hitherto observed in 
sun-spots appear to fall under the second and third phases above 
mentioned. From measurements of spot lines, compared with 
laboratory experiments, Hale deduces a maximum intensity of the 
spot field of 4,500 gausses. Hence one would be inclined to think 
that the density in the layers which bring about the absorption in 
the sun-spot spectrum can only be small. Moreover, the non- 
uniformity of the field of sun-spots produces by itself a widening 
of the components. Light from a limited portion of the spot would 
give perhaps very narrow spectral lines. In view, however, of 
the critical remarks of Kayser’ concerning our knowledge of the 


1 Kayser, Handbuch der Spectroscopie, 2, Kap. v. 
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influence of pressure and of temperature on spectra, all such con- 
siderations must be put forward with great diffidence. 

11. Observations parallel to the lines of force. In the present 
experiment the absorbing vapor subjected to magnetic forces is 
placed between perforated poles. 

After putting on the current, one sees in the continuous spectrum 
two dark bands in the case of D,, four in the case of D., according to 
the diagrammatical Fig. 1. The absorption is incomplete also 
now, because for some wave-lengths only the right-handed cir- 
cularly polarized light is absorbed and the reverse. In order to 
observe the separation and the polarization a Fresnel rhomb is 
placed with its principal plane at an azimuth of 45° with the 
horizon, a horizontal slit being placed in one of the perforated 
poles. The Fresnel rhomb converts circularly polarized light into 
plane-polarized light. By means of a calc-spar rhomb three strips 
are now also obtained. The first phase (very dilute vapor) is 
represented in Plate XVI, Fig. 5. 

Vapor of intermediate density (second phase) exhibits the super- 
position phenomena mentioned in 7 and 8 and diagrammatically 
illustrated by Fig. 2. In the central strip one line, at the position 
of the unmodified one, surrounded by feebly absorbing regions, is 
seen. Plate XVI, Fig. 6, shows these lines for the doublet and the 
quartet; especially with D, the effect is very marked. 

12. Observations in directions inclined to the field. According 
to Lorentz’ elementary theory of magnetic division one generally 
observes in a direction oblique to the lines of force by an angle @ 
a triplet with elliptically polarized outer components." 

The ellipse, which characterizes the state of polarization of the 
components with period 7,+12, is the projection on the wave-front 
of the circle perpendicular to the field in which the electron with 
period 7,+v is moving. v is a small quantity. The direction of 
the motion of the moving electron also determines the motion in 
the ellipse. The ratio of the axes is as 1 to cos 8. For the other 
outer component with period 7,—v, the same reasoning holds, 
mutatis mutandis. The central line with the unmodified period 7, 
always remains linearly polarized. The vibrations of the middle 

t Cf. Righi, op. cit. 
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component are in the plane determined by the ray and the line of 
force and the amplitude of the vibrations is proportional to sin @. 

If we put 9=o, i.e., in the case of the longitudinal effect, only 
circular motions remain. 

All this applies to very narrow spectral lines in a strong field, 
the distance of the components being much greater than their 
width. According to Voigt and Lorentz we must expect some 
interesting peculiarities if this restriction be discarded. We return 
to this point later on. As a general rule the deductions from 
the elementary theory are verified. Also in the case of the quartet 
and the sextet the outer components become elliptically polarized, 
as has been observed already by Righi.’ In contradiction with 
the elementary theory, though not strictly applicable to the case, 
is the very slight diminution of intensity of the middle components 
of the quartet even for @=45°. 

13. Observations at 9=60°. If the observation is made with a 
calc-spar rhomb, the image remains as with the transversal effect. 
Yet the presence of elliptic polarization ought to manifest itself 
by the appearance in the lowest stripe of lines, corresponding to 
the outer components. With very dilute vapor and with that of 
intermediate density, practically no trace of it is seen. Plate XVII, 
Fig. 7, shows the first phase with dilute vapor, Fig. 8 the second 
phase with denser vapor. Only traces of absorption, indicative of 
elliptic polarization, can be seen near D,, Fig. 8. The ellipticity 
is, however, undoubtedly proved by means of the Fresnel rhomb, 
placed with its principal plane at an azimuth of 45° with the horizon. 
Fig. 9 shows the appearance. 

The outer components of the quartet toward the red or toward 
the violet, dependent upon the stripe and the direction of the field, 
are now considerably weakened; in the case of the sextet they have 
vanished altogether. All this proves the elliptical polarization of 
the outer components. For, if the polarization were linear, as 
might be inferred from observations with the calc-spar alone, then 
the observation with calc-spar and rhomb combined ought to show 


* Righi’s observations (op. cit.) all refer to an angle of nearly 55°, the angle at 
which according to the elementary theory the three components of the triplet are of 
equal intensity. 
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no difference between the highest and lowest stripe. The light of 
all plane-polarized components would issue circularly polarized 
from the rhomb, and, the calc-spar making no selection between 
right-handed and left-handed polarizations, the components toward 
red and toward violet would all be alike. Such a condition is 
disproved by photographs such as Fig. 9, Plate XVII. 

14. One point must be considered somewhat more in detail. 
What is the reason that the ellipticity is not shown by the calc-spar 
rhomb alone, whereas its existence is most clearly demonstrated 
by means of the Fresnel rhomb ? 

Let an elliptic vibration with vertical axis b, horizontal axis a, 
be incident upon the rhomb, the principal plane of which is at an 
azimuth of 45°. It is easily proved that the elliptic vibration issu- 
ing from the Fresnel rhomb has its axes in the same direction as the 


ay; 


original motion and a ratio of the axes ee Ft the original ratio 
I 


being . If a be small in relation to } (an elongated ellipse), then 


the light issues from the Fresnel as a more circular vibration, which 
is more easily analyzed. It depends upon the magnitude of a 


a, b—a 
whether = is greater or less than ;—— . 


b b+a 
We distinguish the following cases: 
(1) very small, then 
(2) a=0.414 b, then ‘ 
(3) a>o.414 b, then 


We shall apply these results to the interpretation of our observa- 
tions. Two cases dependent upon the magnitude of a are of prin- 
cipal importance. 

In the first case we can observe the effect of both the axes of the 
ellipse by means of the combination of the Fresnel rhomb and the 
calc-spar (this is the case of the quartet) (D,, Fig. 9), whereas without 
Fresnel rhomb no effect of the small axis is visible. In the second - 
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case the effect of the small axis becomes apparent by the use of the 
calc-spar, whereas its existence cannot be demonstrated with the 
Fresnel, the value of on 
by the sextet (D., Fig. 9, Plate XVII). 

If the observation is made by means of the calc-spar rhomb, we 
indeed see with dense vapor new components in the lowest strip 
(see Fig. 8, D,). The theoretical import of this result will be dis- 
cussed on another occasion. After introduction of the Fresnel 
rhomb the component to the left of the central line (small axis 
of the ellipse) remains invisible (Fig. 9, D., lower strip). Hence 
we may conclude that at the angle now investigated, the ellipticity 


being too small. This case 1s represented 


. a 
of the outer components of the sextet (the ratio » exceeds that of 


the quartet (and is also larger than 0.414). 

15. Observations at 9=45°. The photographs taken with the 
calc-spar alone show very clearly the ellipticity of the outer com- 
ponents. With vapor of intermediate density the phenomenon is 
already very marked, especially in the case of D, (Plate XVII, 
Fig. 10). Very remarkable is the slight diminution of intensity 
of the inner components of the quartet. According to the elemen- 
tary theory the intensity of the central component of a triplet 
ought to have diminished already to less than half the original 
value. 

16. If a Fresnel rhomb combined with a calc-spar rhomb is 
introduced in the beam, one of the components of the quartet also 
entirely disappears. At an angle of 60° this was the case only with 
the sextet (Plate XVII, Fig. 11). 

17. Observations at 9=39°. The elliptic polarization tested 
by means of the calc-spar rhomb is very marked, even with dilute 
vapor (Plate XVII, Fig. 12, Plate XVIII, Fig. 13). The inner 
components of the quartet are now decidedly less intense than the 
outer ones. Plate XVIII, Fig. 13, especially shows the smaller 
intensity of the components of D, in the lower strip. Indeed, 
they are unmistakably thinner than those in the upper strip. 

18. According as the angle between the ray and the lines of 
force is diminished, the intensity of the field must diminish at the 


| 
| 
S 
= = 
— 
~ 
feet 
j 
: 
2 
= 
= 
= 
Ne 
4 
> 
ir 3 2% gee 


| 
| 
i 
| 
- 


MAGNETIC SEPARATION OF ABSORPTION LINES 341 


same time. In order to make it possible for the rays to traverse 
the field under smaller angles the vertex semi-angle of the cones 
must deviate more and more from the theoretical optimum of 
nearly 55°. The decrease of the magnetic separation is clearly 
shown in our photographs. We intend to communicate on another 
occasion experiments under smaller angles @ and to enter upon some 
details concerning the case in which the components of the triplet 
are not neatly separated. Some measurements of the ellipticity 
of the components will also be given. On the present occasion 
we intended to give only a general survey of the inverse effect, 
illustrating it by some particular cases. 

19. Types of separation in spot and laboratory. In one direc- 
tion we shall now enter upon some more details. The magnetic 
separation of lines in a non-uniform field has been treated on a 
former occasion.t The results then obtained and our present 
observations may be of some interest in connection with certain 
phenomena observed by Hale. We intend to return to this subject. 
It seems of interest to allude presently to W. M. Mitchell’s descrip- 
tions of the various types of spot lines as indicated in the diagram 
published in the Astrophysical Journal, 22, 6, 1905, and copied with 
some modifications in the Transactions of the International Solar 
Union? 

Our Plate XVIII, Fig. 14, has been copied from Mitchell’s paper. 
The types a, 6, d, and e of the figure are very characteristic. Type 
g perhaps falls under the type of lines invisible without nicol, men- 
tioned in 7 above. In Fig. 15 are represented some separations 
observed in the laboratory without nicol or other analyzer; a’, b’, e’ 
have been taken in non-uniform fields. 0’ is the quartet of D, 
observed across the field; a’ the sextet of D, observed axially in a 
non-uniform field, very strong in the central part; e’ also refers to 
D, in a weaker field, the observation being made across the lines 
of force. The type d’ refers to the D, line, when observed in a 
direction parallel to the field. The field is uniform. The separa- 
tion gives an example of the superposition phenomenon mentioned 
in paragraph 7. 

t Zeeman, Proceedings of the Amsterdam Academy, April 1906, November 1907. 

2 Transactions of the International Union for Solar Research, 2, 199, 1908. 
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The analogy of the type d’, Fig. 15, and the type of the “winged 
line”’ seems very remarkable. Of course observation of the state 
of polarization would be necessary in order to prove the analogy. 

20. Explanation of Plates XVI-XVIII. Figs. 1-13 are about 
thirteen-fold enlargements of the images given by the grating of 
the absorption lines D, and D, in a magnetic field. 

The upper and lower of the three strips of these figures relate 
to (oppositely) polarized light; in the central strip the phenomenon 
is represented as it is seen in natural light. 

Plate XVI, Figs. 1, 2, 3, 4, observations perpendicular to lines 
of force with different vapor-density. Figs. 5, 6, observations 
parallel to lines of force with different vapor-density. 

Plate XVII, Figs. 7, 8, observation at 9= 60°, calc-spar rhomb 
alone. Fig. 9, 9=60°, calc-spar combined with Fresnel rhomb. 
Figs. 10, 11, 9=45°. Fig. 12, 9= 30°. 

Plate XVIII, Fig. 13, 9=309°. Fig. 14, types of sun-spot 
lines (adopted from Mitchell). Figs. 15, a’, b’, e’, separations in 
non-uniform laboratory fields; d’ superposition phenomenon, in 
paragraph 7. 

21. The outer components of a magnetically divided line, if 
observed in a direction inclined to the lines of force under an angle 
6, are elliptically polarized. In our experiments of paragraphs 
12-17 we frequently referred to this elliptical polarization. In 
paragraph 12 the simple rules were summarized which relate to the 
ellipses characterizing the state of polarization of the outer com- 
ponents, if very narrow spectral lines are observed in a strong field. 
The linear vibrations of the central component of a triplet lie, 
according to the elementary theory, in the plane passing through 
the ray and a line of force, and the amplitude is proportional to 
sin 9. Righi’s theoretical considerations in his paper cited in para- 
graph 1 also agree with this conclusion. 

22. In Voigt’s' theoretical investigation of the magnetic effect 
in a direction inclined to the lines of force, the remarkable conclusion 
is drawn that the central component also of a triplet may execute 


an elliptical vibration. This result is most closely connected 
t “Weiteres zur Theorie der magneto-optischen Wirkungen,” Annalen der Physik, 


I, 389, 1900. 
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with the consideration of the mutual action between neighboring 
molecules. 

Lorentz’ considerations concerning our present subject (see para- 
graph 1 above) give results which we may be permitted to sum- 
marize here briefly. For arbitrarily chosen values of the angle @ 
between the ray and the magnetic force for every frequency two 
elliptical vibrations of opposite directions can be transmitted. In 
the case of the outer components of a sharp triplet one of the two 
elliptic vibrations is absorbed. If we are not dealing with a sharp 
triplet, i.e., three absorption bands 
that are completely separated, y 

we can still say something about L 
the vibration-ellipses of the outer 
components. Let axes OY and 
OX’ be chosen, the one normal to 
the plane passing through the ray f. 
and the magnetic force, the other X' 
perpendicular to the ray and lying 
in the plane just mentioned. Then 
one of the characteristic vibration- 
ellipses can be considered as the Fic. 5 
reflected image of the other with 
respect to a line bisecting the angle XY’OY. This rule also applies 
to the direction of motion in the two ellipses. 

The nature of the phenomena that will be observed for rays of 
a frequency corresponding to the central line of the triplet depends 
upon the value of @ being greater or smaller than a certain angle 4. 
This latter is determined by the equation 


tan 6, sin 


The quantity g may be regarded as a measure of the width of 
an absorption line and depends upon the constants of the vapor; 
v is determined by the change of the frequency of the free vibrations 
of the electrons and has a value proportional to the strength of the 
field . 

If >6,, then two linearly polarized beams with equal indices 
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of refraction and different absorptive indices can be propagated. 
The rectilinear vibrations make equal angles with the line OL, 
bisecting the angle X’OY. The absorption is stronger for the 
beam whose vibrations make the smaller angle with the direction 
of the field. In the figure the more strongly absorbed vibration is 
indicated by a thicker arrow. As @ decreases, the vibrations of the 
two principal beams approach more and more to OL, so that for 
@=8@, both directions coincide with the bisectrix. The two princi- 
pal beams are now equally absorbed also. 

When 6<8,, the state of things is wholly different. In this 
case two elliptically polarized beams can be propagated; they are 
equally absorbed, but have different velocities of propagation. 
For both beams the characteristic ellipses are the same, but 

described in opposite directions. One of 

¥ the axes of the ellipses coincides with the 

L line OL in Fig. 6. The ellipses become less 

and less eccentric as the wave becomes 

less inclined to the direction of the field. 

For 9=o the ellipses become circles de- 

; scribed in opposite directions. A further 

x’ “0 approximation for @=@, shows that in this 

Fic. 6 case the two vibrations do not coincide 

exactly. As in the general case, there are 

two distinct beams with different characteristic ellipses, both 

deviating somewhat from the line OL of Fig. 6. The regions of 

the longitudinal and the transverse magnetic effect overlap to a 

certain extent and are not sharply separated from each other at 
the angle @,. 

23. There are three results of Lorentz’ theory that probably 
admit of experimental verification. Let us imagine the absorbing 
vapor placed in such circumstances that the elementary theory 
cannot be applied. The components of a divided line are now not 
neatly separated by practically transparent regions. The vapor- 
density must be chosen relatively great and the magnetic intensity 
rather small. As always in the present paper, we suppose the lines 
of force to be horizontal; we examine the propagation of the light 
also in a horizontal plane. 
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The three predictions referred to, which apply, if we exclude 
the cases of the true longitudinal and transverse effects, are: (1) 
the major axes of the vibration-ellipses of the outer components 
deviate from the vertical line; (2) the vibrations of the middle 
component (c.q. components) are, depending on circumstances, 
either linear and not horizontal, or elliptic, the axes of the ellipse 
being inclined to the horizon; (3) there exists an angle 9, separating 
the regions of the longitudinal and the transverse magnetic effect. 


OBLIQUE POSITION OF THE VIBRATION-ELLIPSES OF THE OUTER 
COMPONENTS 


24. We succeeded in establishing experimentally the oblique 
position of the vibration-ellipses in the inverse magnetic effect of 
the D lines; the amount of the slope of the axes we could measure. 
The obliquity is far from striking. When @ was already such that 
the ellipticity was very marked, it was only after some difficulty 
that we could make sure of the obliquity. Some ¢etails of a definite 
case may be given. With =60° and a field of about 18,000 gausses 
the first observations were made. Attention was given to D,, the 
vapor-density being regulated so that the outer components of the 
sextet could not be seen separately. Before the slit of the spectro- 
scope a nicol was placed with its plane of vibration at an azimuth of 
say 35° with the horizon. The central part of the resolution figure 
is now very dark; the outer components of the pseudo-triplet, 
however, are only faintly visible. This has the advantage of 
increasing the visibility of small changes of the intensity of the 
outer components. 

The direction of the field we denote as field-direction 1. With 
the reversed field-direction 2, the outer components became darker. 
This experiment was repeated several times with the same result. 
The nicol then was placed in a position symmetrical to the one just 
mentioned. Now with field-direction 1, the outer components 
were darker. From these experiments we must conclude that a 
vertical line is not an axis of symmetry of the vibration-ellipses of 
the outer components, hence that the position of these ellipses is 
oblique. 

25. The direction of the smaller axis of the vibration-ellipse we 
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measured for 9=69°, the vapor-density being between the first 
and second phase (13). In front of the slit of the spectroscope 
was introduced a nicol, mounted upon a divided circle which gives 
the rotation of the nicol in degrees. The vanishing or reappearing 
of the outer components gave a good criterion for the determination 
of the smaller axis and therefore of the major axis of the vibration- 
ellipse. The measurements gave the result that under the circum- 
stances of the experiment the major axis made an angle of 5 degrees 
with the vertical. The obliquity was the same in amount and 
direction for the components toward the red and toward the violet. 
The diagram, Fig. 7, illustrates the relation between the slope of 
the ellipses and the direction of the field. 


mS 
x 


Let OS be the beam, which traverses the source of light placed 
in O, and OF the direction of the magnetic force. For an observer 
looking in the direction SO, the upper part of the vibration-ellipse 
is inclined toward the right. The plane YX’, containing the ellipse, 
is normal to the ray and in the figure has been rotated round the 
dotted line until brought into coincidence with the plane SOM. 
That side of the plane which was visible from S can now be seen. 
Both the ellipse toward the red, and the ellipse described in the 
opposite direction toward the violet, have the same slope with a 
given direction of the magnetic field, as was remarked above. 

26. The same sodium flame, investigated as to the inverse effect 
in the direction OS, we studied in the direction OP (i.e., for an 
angle FOP= MOS= 180°—®) for the phenomenon of partial polari- 
zation, discovered by Egoroff and Georgiewsky. A small telescope 
focused upon the flame was used and provided with a Savart plate 


FIG. 7 


F 

' 
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and a nicol. This polariscope is mounted upon a divided circle 
graduated in degrees. The direction in which the fringes were 
most brilliant was determined in order to detect a possible devia- 
tion of the plane of maximum polarization from the vertical. It 
was easily seen that there was such a deviation. The fringes were 
most clear if for the observer in P their direction was from the 
upper left to the lower right quadrant, the direction of the field 
being always as indicated in the figure. After reversal of the 
magnetic field the fringes became indistinct. They became dis- 
tinct again if the principal direction of the polariscope was from the 
upper right to the lower left quadrant. The result of these obser- 
vations at least proves that the whole phenomenon is asymmetrical 
with respect to the vertical, and hence proves the presence of oblique 
vibrations. In a conversation with one of the authors Professor 
Lorentz had kindly communicated that he observed phenomena 
of the kind described in this paragraph. 

27. In the experiment of the last paragraph the axis of the 
telescope must be placed carefully in a horizontal plane passing 
through the poles of the electromagnet. If the observation is 
made in a plane which is not horizontal, an apparent slope of the 
axes of the vibration-ellipses becomes manifest, as is easily seen from 
a geometrical consideration. 

28. The position of the plane of maximum polarization can 
be determined rather accurately. The obliquity of the major 
axis of the outer ellipses of sextet and quartet in one experiment was 
5°; with the very same vapor-density and the same strength of 
field, the plane of partial polarization made an agle of 21° with the 
vertical. At first sight it seems rather startling that the polariscope 
of Savart is so sensitive to the obliquity of the ellipses. 

The phenomenon of the partial polarization of the emitted light 
is very complicated and the complete theory still outstanding. 
It does not seem doubtful, however, in what direction we have 
to look for the explanation of the remarkable difference between 
the indications of the two instruments. They measure different 
quantities. 

As long as the inclination of the vibration-ellipses of the emitted 
light is zero, the total light also vibrates symmetrically relatively 
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to the vertical. If the inclination is not zero, however, but has 
the value 2, the plane of maximum resultant luminous motion is 
inclined at an angle a+-8, which may be occasionally much greater. 

The light emitted by the sodium flame contains: (1) horizontal 
vibrations of intensity c? (we neglect here a change mentioned 
in paragraph 30 below); (2) elliptic vibrations, the major axes of 
which form an angle @ with the vertical. Let the principal axes of 
these ellipses be a and b. 

The intensity J, in a direction OX becomes 


I,=¢ sin? (a+ 8)+<a? cos? sin? B. (1) 
This expression becomes a maximum for a value of # satisfying 
sin 2(a+ 8)+(6?—a?) sin 2B=o. (2) 
y Hence it follows at once that 8 cannot 
X be zero, for otherwise a ought to be zero 
also. 
From (2) we obtain 
a } sin 2(a+f8) a?—}? 


Hence the value of 8 depends upon 
the intensities of the horizontal and 
vertical vibrations. We always have 

Fic. 8 a>b; in the emitted light the vertical 
vibrations generally preponderate, hence 

also a>c. We conclude that can be positive only. 
If we make a= 5°, a+ 8= 21°, b=o. 3a (see 29), equation (3) gives 


This is a plausible value. Hence there is no contradiction 
between the observations made with the polariscope and the results 
obtained with the nicol alone. 

29. We made, with the inverse effect, some measurements of 
the ellipticity of the outer components at different angles of inci- 
dence. We used for this investigation the well-known method of 
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the quarter-wave plate and nicol. The axes of the quarter-wave 
plate being placed parallel to the axes of the original ellipse, the 
resulting light is plane polarized. Let b and a be the horizontal 
and vertical or the nearly horizontal and the nearly vertical axes, 
then 


a, 
a 


The mica quarter-plate used proved to be very accurate for 
light of the refrangibility of the sodium lines, when tried by the 
method described on a former occasion.t Three determinations 
gave for the deviation from an exact quarter-wave plate the values 
1.8, 0.1, 1.0 per cent. For our present determinations this 
accuracy of the plate is quite superfluous. The measurements 
are very difficult, relating as they do to the mean of the outer com- 
ponents of the sextet, hence to an extremely narrow part of the 
spectrum. Moreover the density of the vapor can be defined only 
approximately (10). 

The following table embodies the results concerning the ellip- 
ticity of the outer components of the sextet obtained in a some- 
what extended series of measurements. 


0.31 
69°5 0.31 + 0.30 Vapor of intermediate density (§ 10) 
0.28 


can 0.45: | Vapor of intermediate density (§ 10) 


0.47 Vapor somewhat denser 


30° 0.64 )0.66 | Very dilute vapor (§ 10) 
| 


* Zeeman, Amsterdam Proceedings, October 30, 1909. 


b/a Remarks 
| | 

° | 
| 

0.67 a 
0.70 

| 0.63 | 
| 0.65 
0.65 
| | 
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The ratio of the axes at a certain angle undoubtedly somewhat 
depends upon the vapor-density. Part of the oscillations of the 
results obtained at the same angle must be ascribed to this cause. 

At 9=69°5 and with dense vapor the inclination of the major 
axis of the ellipse was 6°; with very dilute vapor the value zero was 
obtained. At @=47° and with vapor of intermediate density the 
inclination was 4°5. The Savart fringes then made an angle of 
28° with the vertical. 


OBLIQUE POSITION OF THE VIBRATIONS OF THE MIDDLE 
COMPONENTS 


30. Whereas the inclination of the vibration-ellipses of the outer 
components could be demonstrated first for the sextet, it was for 
the quartet, on the contrary, that we first succeeded in verifying 
the second of Lorentz’ above-mentioned conclusions (23). The 
deviation of the vibrations of the middle components of the quartet 
from the horizontal line can be shown in the same manner as the 
inclination of the ellipses (24). 

The principal section of the nicol before the slit was placed at 
an angle of about 30° with the horizon. The outer components of 
the quartet of D, are then hardly visible. The inner components 
are rather dark. ‘The direction of the field is indicated as direction 
1. Under the influence of the reverse field 2, the middle com- 
ponents become more black. If the nicol be placed in the symmet- 
rical position, then it is with the field-direction 1 that the middle 
components are most distinct. The angle @ in this experiment 
was 47°. 

Two different attempts to measure the angle between the 
vibration and the horizontal gave the results 4°5, and 5°5. These 
measurements are very difficult, however, and perhaps indicate 
only the order of magnitude of the inclination. The vicinity of 
the outer components largely interferes with the accuracy of the 
adjustment of the nicol, for while it is moved about near the posi- 
tion of extinction and approaches to a vertical direction the greater 
intensity of the outer components distracts the eye. 

31. We have made yet another experiment which confirms the 
result of paragraph 30 for both the sodium lines and also exhibits 
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the relation between the inclinations of the different components. 
This connection is shown diagrammatically for a triplet in Fig. 9; 
for the result obtained with the middle components of the 
quartet and the sextet certainly can be applied qualitatively to 
the triplet. 

The experiment was the following: the principal section of the 
nicol made an angle of +40° with the vertical; the positive direc- 
tion in Fig. 9 was counter-clockwise. Then the nicol was placed at 
320° (i.e., in the symmetrical position). The last position may be 
indicated as position B, the first mentioned as position A. The 
direction of the field remains unchanged. In position A all lines 
were weaker than in position B. 

Hence we conclude that the ellipses as well 
as the vibrations of the middle components are 
inclined; moreover, that the relative position 
of the vibrations must be that shown in Fig. 9. 

32. In the important paper already frequently 
mentioned (note p. 291 of the paper cited in 
paragraph 1 above) Righi says that Voigt’s 
theoretical investigation of the general case of 
propagation of light in a direction inclined to the lines of force was 
published too late to guide him in his investigation. Righi expresses 
the opinion that it is rather improbable that in the course of his 
numerous observations peculiarities in the behavior of the middle 
components as indicated by Voigt could have escaped him, and 
that Lorentz’ elementary theory is in accordance with all the 
observed phenomena. 

This seems in contradiction with our experiments. This contra- 
diction vanishes, however, if we assume that the vapor in Righi’s 
experiments was very dilute, or the field so intense that the com- 
ponents were neatly separated. Under such circumstances our 
observations are also in complete accordance with the elementary 
theory, at least as to the polarization of the components and the 
direction of the vibrations. Neither was it in Righi’s experiments 
a matter of course to reverse the direction of the magnetic field, 
the procedure which most easily exhibits any obliquity of the 
vibrations. 
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APPLICATION OF THE RESULTS OF PARAGRAPHS 24-31 TO THE 
INTERPRETATION OF SUN-SPOT SPECTRA 

33. The vibrations of the middle component of a triplet are 
parallel to the lines of force. The outer components vibrate 
linearly at right angles to the field. These rules also apply to dense 
vapors, if only the pure transverse magnetic effect be under con- 
sideration. If we assume that the direction of observation is 
oblique to the lines of force, then only in the case of very dilute 
vapors can the projection of the magnetic force on a plane normal 
to the line of vision be found according to the rules of the elementary 
theory from the direction of the vibrations. If, however, the com- 
ponents of an inverse triplet are not neatly separated by practically 
transparent parts—and the sun-spot lines seem to belong to this 
class of lines—the particulars diagrammatically illustrated by Fig. 9 
are to be taken into consideration. 

In drawing charts of the magnetic fields in sun-spots, showing 
the intensity, the direction, and the polarity of the magnetic force, 
the determination of the direction of the force will give some diffi- 
culties. The value of the correction to the indications of the 
elementary theory necessary in some cases will be given on another 
occasion. 

The rule which determines the direction of the deviation may 
be indicated here. The direction of rotation in the vibration- 
ellipses of the outer components toward the red and toward the 
violet shows whether @ is acute or obtuse. If @ is obtuse (Fig. 7), 
then the relative position of the directions of the magnetic force, 
of the major axis of the vibration-ellipses, and of the vibration of 
the middle component is shown in Fig. 9. 

From any point O draw a line OB parallel to the major axis of 
the vibration-ellipses of the outer components and a line OM parallel 
to the vibration of the middle component, the angle BOM being 
always chosen acute. The projection OF of the magnetic force on 
a plane normal to the line of sight then makes a positive acute angle 
with OB, the angle BOF being greater than BOM, the positive 
direction being reckoned from OB to OM. 

By ascertaining whether or not the major axes of the ellipses 
and the vibrations of the middle component are perpendicular to 
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each other, we can make sure whether the elementary theory may 
be applied or not. 


DEMONSTRATION OF OBLIQUE POSITION OF VIBRATIONS 
BY MEANS OF HALF-WAVE-LENGTH PLATE 


34. The observations in the preceding portion of our communi- 
cation relate to the region between @= 90° and @= 39°, including the 
two principal directions. We now intend to describe experiments 
relative to the remaining region between @= 39° and o°. 

This region seemed very interesting because under suitably 
chosen circumstances it probably would contain the angle 9, of 
Lorentz, separating the regions of the longitudinal and the trans- 
verse magnetic effect. The principal object we had in view in 
undertaking this third part of our investigation was to prove 
experimentally the existence of an angle of the kind mentioned. 
We think that we attained our purpose. 

Before proceeding to describe these experiments, we shall men- 
tion a method for verifying the results (paragraphs 24-32) relating 
to the oblique position of the vibration-ellipses of the outer 
components and that of the vibrations of the inner components, 
but without commutation of the current in the electromagnet. 

Whereas in our former experiments the difference of the intensity 
of the components by commutation of the current gives the proof 
for the obliquity of the components, the half-wave-length plate 
demonstrates it at once. 

A half-wave-length plate, with one of its principal directions 
situated horizontally and limited by a horizontal line, is placed 
near the source of light. Vibrations from the source, making a 
definite angle with the edge of the plate, after traversing it are 
rotated through twice that angle. The plate covers only half of 
the field of view. The directions of the emergent vibrations make 
the same angles with the horizontal edge as at first, but upon the 
farther side. An image of the edge is focused upon the slit of the 
spectroscope; before the slit a nicol is placed. 

In one of our experiments, @ being 39°, the plane of vibration of 
the nicol was at an angle of 35° with the horizon. The magnetic 
components are now seen unequally dark in the two halves of the 
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field of view. It appeared possible to photograph the phenomenon; 
small variations of vapor-density, which may possibly introduce 
errors with other methods of observation, are now without influence. 
Reversal of the direction of the current changes the sign of the 
difference of intensity of the two halves of the field of view. 


CONNECTION BETWEEN THE INCLINATION OF THE ELLIPSES IN 
PARTICULAR CASES 


35. The direction of the magnetic field, and that of propagation 
of the beam traversing the magnetized source of light determine the 
sense of the inclination of the vibration-ellipses (paragraph 25). If 
the direction of the field be reversed, the sign of the inclination of 
the vibration-ellipses also changes. In Fig. 7 (paragraph 25) the 
connection established by our experiments between the three 
mentioned directions is given. 

Let OF be the magnetic force, and 

4 let the beam, traversing the magnetized 
D flame O, be propagated in the direction 

from O to S. The inclination of the 

ellipses in this case is indicated in Fig. 
, 10. The plane normal to the ray and 
containing the ellipse has been rotated 

round the dotted line until brought into 

coincidence with the plane of the paper. 

\\ What is the inclination, if the source 

() of light be traversed by the beam in the 

direction OS’? 

Pio. 20 This question is easily answered by 
applying the well-known method of 
reflected images. The geometrical outlines of all things composing 
a given system, together with the physical processes in the 
system, which we suppose may be all represented by geometrical 
figures, we imagine reflected at every instant in a plane V. The 
new system obtained by reflection, which we call the image of the 
original system, is a possible one, as soon as the last-mentioned 
one has an objective existence. 
Applying this to our experiment (Fig. 11) and placing the plane 
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V parallel to OF and perpendicular to the plane of the paper, we 
obtain from system I the system II. 

The magnetic field in the second system is the inverted image of 
the field in the first one; indeed, before taking the image of the 
field we have to substitute it by the equivalent ampere currents. 
Hence in II the arrow F’O’ is drawn from F’ to O’. The field in 
system II being afterward reversed, the inclination of the ellipse 
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changes its sign. Hence we conclude that (Fig. 12), if OF be the 
direction of the magnetic field, the inclination of the major axes 
of the ellipses, as observed from S as well as from S’, is always 
from the lower left to the upper right quadrant. 

By means of Savart’s polariscope all this could be experimentally 
verified. We come to the same conclusion by using the experi- 
mental result of paragraph 26, concerning the inclination of the 
ellipses in the beam emitted in the direction OP (see Fig. 10). 

The close connection existing between emission and absorption 
enables us to predict the phenomena to be seen if light traverses 
the source in the direction OS’ (see paragraph 44). 
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INVESTIGATION CONCERNING THE EXISTENCE OF AN 
ANGLE 9, (36-46) 

36. It seems possible to give by different ways experimental 
proof of the existence of an angle 9,, separating the regions of the 
longitudinal and the transverse effect. 

The most direct proof would be given if, with a chosen magnetic 
force, the vapor-density could be changed in such a degree that at 
last the direction of the vibrations in the issuing beam were inclined 
at an angle of 45° with the vertical. Then one would observe at 
the angle 9, itself the values of density (width) and magnetic inten- 
sity corresponding. The execution of this plan gives rise, however, 
to serious difficulties. 

The significance and the distinctness of the angle 8, become 
manifest also, however, if it be possible to establish the existence 
of the characteristic phenomena only observable for a direction 
of observation which forms an angle with the lines of force lying 
between o° and 9,. We have experimentally verified the theoretical 
inference. We made many experiments belonging to each of the 
two classes of experiments mentioned and intend to give a few 
examples of each. 

37. Observations at 9=32°.—Soft iron cones with a vertex semi- 
angle of 32° were made and adapted to a Du Bois electromagnet. 
The intensity of the magnetic field proved sufficient to establish 
the character of the resolution in the first-order spectrum of the 
large Rowland grating. 

The middle components were especially watched. It is easily 
established that the vibrations of these components deviate from 
the horizontal. In order to demonstrate an inclination of 45°, 
a quartz plate, cut perpendicularly to the axis, and exactly 2 mm 
thick, was introduced in the beam. This plate rotates the plane 
of polarization for sodium light 2X21.7=43°4. Vibrations at 
azimuth 45°, after traversing the plate, become either horizontal 
or vertical. 

Between the plate and the spectroscope slit a calc-spar rhomb 
was inserted and a horizontal slit placed near the source; two con- 
tiguous horizontal images of this slit are now formed on the slit. 
The one contains the vertical, the other the horizontal constituents 


MAGNETIC SEPARATION OF ABSORPTION LINES 357 


of the beam. The middle components, which at the angle @ under 
consideration are rather weak, are dependent upon the direction 
of the current, and are visible either only in the upper or only in 
the lower of the two strips, if the vapor-density be properly chosen. 

This experiment does not prove definitely, however, that the 
middle components may vibrate under an angle of 45° with the 
vertical. The rather limited sensitiveness of the method must be 
taken into account. The experiment certainly proves that the 
vibrations are inclined relatively to the horizon, at an angle of 
perhaps 20° or 30°. 

It is shown by an observation with the calc-spar rhomb alone, 
after removal of the quartz plate, that the vibrations are not per- 
formed under 45°. A difference between the upper and the lower 
image is now manifest. This would be impossible if the inclination 
of the vibrations were 45°. The difference of intensity in the two 
strips decreases with increased density of the vapor. 

All experiments undertaken in order to measure more accurately 
the inclination gave no decisive results. The weak intensity of the 
middle components, the feeble separation (to be expected for the 
observations in view, according to the theory), the perturbation by 
the vicinity of the outer components, and also the fact that the 
vibrations become probably slightly elliptic, account for the 
difficulty of the measurements. . 

We also investigated the emitted light without the aid of the 
spectroscope, with a Savart polariscope alone; the emitted light 
appeared to be nearly unpolarized. The fringes in the polariscope 
were very weak. This is clearly due to the light containing equal 
portions of right-handed and left-handed nearly circularly polarized 
light; the intensity of the light of the middle components is rela- 
tively very small and therefore scarcely perceptible in the resulting 
total intensity. The indistinctness of the fringes made only in- 
accurate determinations of the position of the plane of polarization 
possible. An inclination of 42° relatively to the vertical was found. 

38. The method of the non-uniform field’ seemed to open the 
possibility of a direct reading of the field-intensity corresponding 
to 9,, the vapor-density (i.e., the width of the spectral line) being 

* Zeeman, Amsterdam Proceedings, April 1906, November 1907. 
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given. At 9=39°, a diminished image of the cones of the electro- 
magnet was focused upon the slit-plate of the spectroscope. The 
magnetic separation is different at different heights, and in the spec- 
troscope the spindle-shaped resolution figure, a photograph of 
which was given on a former occasion, is seen; but now, as the 
inverse effect is under consideration, rather dark lines on a lumi- 
nous background are seen. A nicol with its plane of vibration at 
45° with the horizontal is placed before the slit. If the vibrations 
occur at 45° somewhere in the divided lines, the components must 
become black at sucha place. Width and field-intensity, belonging 
to the part mentioned of the components, correspond to a value of 
9, equal to 39°. 

No clear result was obtained by means of this method, however, 
which was tried with several vapor-densities. The change of the 
state of polarization in the resolution figure apparently is too 
gradual to prove the existence of 9, by direct observation. Our 
experiments following (paragraphs 39-46) seem, indeed, to leave 
no doubt as to the real existence of such an angle. 

39. In order to extend observations to still smaller angles @, 
the second-order spectrum of the large Rowland grating was 
employed for all following observations. The brightness is still 
amply sufficient and more details are seen. Even with cones with 
a vertex semi-angle of 26° the characteristic phenomena may now 
be advantageously observed. With vapor of intermediate density 
(paragraph 10) only the outer components of the quartet and sextet 
are now visible, the phenomenon closely resembling the purely 
longitudinal one. Middle components make their appearance only 
after the density is largely increased. The nature of these com- 
ponents appears (paragraph 40), however, to have changed, as is 
proved by an examination of their state of polarization. 

The latter is more easily ascertained, if the components are more 
widely separated. This is the case in the experiments described 
in the next paragraphs and therefore we prefer to give some details 
of the observations made with the more efficient arrangement. 

40. A still smaller angle between the directions of the beam 
and of the field may be empioyed, and moreover wider separation 
obtained than in paragraph 39, by looking through axial holes and 
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deviating the beam in the field by means of two small prisms. A 
remark of Professor Wertheim Salomonson induced us to give 
prisms a trial. 

The arrangement for = 16° is shown in the figure (Fig. 13). The 
prisms are fixed to copper tubes, which are put into the bored cones 
of a Du Bois electromagnet and may be turned about their axes. 
It is therefore possible to adjust the parallelism of the planes of 
prisms and to arrange the edges vertically. 


‘yom! 


Fic. 13 


A drawback inherent to this method is that after some time the 
interior surfaces of the prisms become covered with some white 
precipitate. With very dense vapors this inconvenience is rather 
troublesome. Immediately after introduction of the flame into 
the interferrum, aqueous vapor condenses upon the prism faces, 
soon disappearing, however, when the temperature of the prisms 
has increased. In order to avoid the danger of cracking, the prisms 
have been placed at some distance from terminal planes of the cones. 

Even with very dense vapor (third phase of 10), the field being 
of the order of 20,000 gausses, the phenomenon closely resembles the 
purely longitudinal one. No trace of middle components is visible. 
After an increase, however, of the vapor-density to the limit 
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obtainable by the introduction of a glass rod, charged with melted 
salt, into the gas-oxygen flame, two new black lines appeared in 
the vicinity of D,; they were clearly visible against the rather dark 
background formed by the broadened outer components. 

These new lines, which have the same period as the middle com- 
ponents, are unpolarized (see paragraphs 41-44). 

41. We have come to this conclusion after trying in vain to 
detect any trace of polarization phenomena of the new components. 

In the first place, rotation of 

a nicol placed before the slit of 

the spectroscope gave no change 

of intensity of the lines; only 

A the background formed by the 

nearly, but not accurately, cir- 

cularly polarized outer com- 
ponents was slightly changed. 

42. After removal of the nicol 

a quarter-wave plate with its 

principal direction at 45° was 

inserted in the beam and a broad 

B horizontal slit placed near the 

field. By means of a calc-spar 

rhomb two strips are obtained, 

separating the oppositely polar- 
ized circular vibrations. 

Fic. a With vapor of intermediate 

density Fig. 14A gives the ap- 

pearance for D,. The vertical line represents the reversed line due 

to the arc light. 

With very dense vapor, we get the phenomenon represented 
in Fig. 14B. New components appear in the initially bright 
parts of the field of view. 

The positions of the new components correspond to those of the 
inner components of the quartet, at least as far as can be judged by 
eye observation. This observation is confirmed by measurements 
made on a photograph, it must be said, of only moderate quality. 

As to the polarization of the new lines a few remarks may be 
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made. From an inspection of Fig. 14B alone, one might infer 
a circular polarization of the inner components, of a sign opposite 
to that of the outer ones. One might be tempted to infer that, 
under the circumstances of the experiments, the inner components 
are due to the motion of positive charges. There is no need of 
discussing the degree of probability of such a conclusion, as it 
is refuted by the next observation. 

42. If the quarter-wave plate be rotated in its own plane so 
that the principal direction more and more approaches to the hori- 
zontal position, the intensity of the outer components decreases. 
The inner components, which at first are invisible in two of the 
quadrants, being entirely hidden by the black, broad outer com- 
ponents, are very soon seen as continuous bands crossing at right 
angles the horizontal separation line. Finally, when the principal 
direction of the quarter-wave plate has become horizontal, there is, 
as far as concerns the inner components, no difference at all between 
the upper and lower fields, and only a slight one as far as concerns 
the outer components. 

43. From the observations recorded in paragraphs 41 and 42 we 
cannot but conclude that under the circumstances of the experiment 
the inner components of the mew quartet are unpolarized. This 
result seems paradoxical, because one now has become accustomed 
to expect polarization of all magnetically separated and displaced 
lines. The result, however, seems to be in perfect accordance 
with theory, at least if it be permitted to apply to the middle com- 
ponents of the quartet, the theoretical inference drawn for the 
central component of the triplet. 

Lorentz has proved that in the case of a triplet for a frequency 
n=n, and 8<@, two oppositely elliptically polarized beams may 
be transmitted, having the same index of absorption, but unequal 
velocities of propagation. The characteristic vibration-ellipses for 
the two beams are the same, but described in opposite directions 
(see also 22 above.) Since the indices of absorption of the two 
beams are equal, we may expect that, under the circumstances 
mentioned, a magnetized vapor can produce in a continuous, 
unpolarized spectrum, unpolarized absorption lines only. 

44. The consideration in paragraph 35 of the reflected image of 
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a system was made in order to show that the inclination of the 
ellipses remains unaffected by a change of sign of the angle between 
the line of force and the ray. 

45. Quartet for 9=o.—By increasing still further the vapor- 
density necessary for the experiment of paragraph 43, we were able 
to observe, even in the direction @=o, the two unpolarized lines, 
corresponding to the inner components of the quartet. The outer 
components, however, have then become extremely diffuse. It is 
certainly remarkable that the two new components are still rela- 
tively narrow. The theoretical reason for this feature of the 
phenomenon has still to be worked out. 

It is, however, in accordance with theory (always on the suppo- 
sition that it does apply directly to the quartet) that for 9=o° the 
density of the vapor must exceed that for = 16°, in order to render 
visible the new lines. Indeed, according to the formulae (42) 
and (26) of Lorentz’ paper (cited in 1 above) the absorptive index 
decreases with decreasing 9. 

The experiments (39-43) seem to give conclusive evidence that 
an angle 9, really exists. Indeed, phenomena of the kind described 
in the last paragraphs are to be expected in a region only between 
6, and o°. 

The experimental verification of Lorentz’ deductions, for- 
mulated in 23 above, gives a new proof of the rational connection 
established by Voigt’s theory of the inverse magnetic effect between 
diverse phenomena. 

A more accurate measurement of 9,, the vapor-density and the 
field being chosen, must be postponed. 

46. The new type of magnetic separation, with some components 
polarized, the other ones unpolarized, which returns to the ordinary 
separation by decrease of vapor-density, we were able to observe 
also with D,. Since the density of the vapor must be great in the 
present experiment, the effects observed with D,, which splits up 
into a pseudo-triplet, are less clear and characteristic than with D,. 
We therefore restricted the detailed description of our observations 
to the case of D,. 
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MASS-RATIOS IN THE SYSTEMS OF KRUGER 60 
AND CASTOR 


By HENRY NORRIS RUSSELL 
I. Kriiger 60 
Burnham's General Catalogue of Double Stars,11761 (a=22" 24™5,6=-+-57° 13’, 1900) 


In Professor Barnard’s thorough discussion of the parallax and 
proper motion of this star,’ he points out that the motion of the 
principal component, A (9™7), with respect to the distant optical 
companion C (10™2), is distinctly curved, showing that the faint 
component B (11™o) of the binary system has a mass comparable 
with that of A. 

These observations alone would give a fairly good determina- 
tion of the mass-ratio. The addition of unpublished measures 
of the last two years, which Professor Barnard has very kindly 
communicated to the writer, makes it possible to fix this quantity 
within quite narrow limits. 

If the distance and position angle of C, referred to A, are s, 9, 
and those of B are s’, p’, their apparent rectangular co-ordinates, 
referred to axes whose position angles are p, and ~,+90°, will be 


x=s cos (p—p,), x’=s’ cos (p’—>p,), 
y=s sin (p—p,), y’=s' sin (p’—p,). 

If k is the ratio of the mass of B to that of A and B combined, 
the co-ordinates of the center of gravity of the binary system 
will be kx’, ky’, and, since the motion of C relative to this point 
must be uniform, we must have 


: x=at+b(t—t,)+kx’, 


where ¢, is any convenient epoch. Each set of simultaneous 
observations of AB and AC gives us an equation of condition 
for the constants a, 6, k, and another for a’, b’, k. 

No knowledge of the period of the binary system, or of the 
form of the complete orbit, is necessary in forming these equations, 
which depend only on the relative motion during the interval 

* Monthly Notices, 68, 629, 1908. 
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covered by the observations; and it is obvious that the accuracy 
with which & can be determined depends on the magnitude of the 
departures of the motion of B (relative to A) from uniformity, 
during this interval. 

The data on which the present discussion is based are as follows. 
They are taken from Barnard’s paper, already mentioned, except 
for the last two lines which are annual means of the unpublished 
measures referred to above. The rectangular co-ordinates x and 
y are computed with p,= 59°00. 

The parallax of A is 0”%25 (according to three very accordant 
determinations by Barnard, Schlesinger, and the writer). The 
observed co-ordinates of C, relative to A, therefore require to be 
increased by the corrections 

Ax=As=-+0?25 cos (© —93°), 
Ay= +0!22 cos (O—179°). 


The tabular values of s are already corrected for parallax (this 
having been done by Barnard). Those of p are uncorrected, but 
the correction has been applied to the tabular y’s. The mean of 
the corrections for the individual dates has been taken when neces- 
sary. The position angles have also been corrected for precession, 
to 1900, at the rate of —o?0042 annually. 


AB AC 
Date p s n x y p s n x y 
$060. 76... 178°8) 2732 I |—1716\+2702 56°26 26773 1 +26770 —1748 
1898. 45 140.7) 3.19 5 |\+0.46| 3.15) 58.70 34.64 34.04 0.15 
1900.84..... 133.0) 3.22 8? 0.86 3.11) 59.20 36.36, 8?! 36.36+0.02 
1Q01.77.. 130.7, 3.28 | 7 | 1.03 3.12) 59.63) 37-23) 7} 37-23) 0.19 
1902.70.. 127.0) 3.36 4 1.26) 3.13! 59.65 38.25 4] 38.25 0.21 
1903.63..... 123.3) 3.37 | 15 1.47; 3.04) 59.58) 39.12) 32 39.12] 
1904 .63.. 119.6] 3.38 | 19 1.66) 2.95 59.44 40.03) 27 40.03 0.19 
1905.91 115.3) 3.31 2 1.84) 2.76 59.66 41.21) 2 6.37 
1906. 56 3.32 2.00; 2.06 50.44 41.83 7 41.83. 0.21 
1907.57 107.2) 3.28 | 12 2.18) 2.44 59.45) 42.84) 42.84 0.21 
1908 .36..... 104.4 3.18 6 2.24) 2.27) 59.11) 43.66) 8 43.66, 0.22 
1909.63. 98.8 3.14 16 2.41; 2.01) 59.39 44.87) 17 44.87) 0.25 
IQIO.59..... 94.9 3-13 | 9 |+2.54 +1 5 


.84 59.49) 45-77 9 (445.77 +0.2 


The first measure is by Burnham, the second by Eric Doolittle, 
and the third, the mean of the results of Doolittle and Barnard. 
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All the rest are Barnard’s. As the latter points out (op. cit., 
p. 638), it is desirable in such an investigation to use the measures 
of one observer as much as possible. The number of nights’ 
measures combined into each mean place is denoted bym. In one 
or two cases the measures of AB have been interpolated to the 
epoch of those of AC (differing by a month or less). 

The motion of B, relative to A, is so nearly uniform in x that 
only the y’s can furnish a reliable value of k&. An approximate 
solution gives 

y= —1763+07092(t—1900)+0.5 y’. 
The residuals from this solution are the absolute terms of the 
equations of condition given below. The unknowns in these are 
a=Aa’+2”70Ak, 8=Ab’, y=Ak, where Aa’, Ab’, Ak are the correc- 
tions to be added to the approximate values. 


—.03/ 1 a+ 5.98+0.06y= +0708 | +.09 } 
a—1.58+0.42¥= + .06 +.03} I a+ .09 | —.08 1 
a+o.88+0.467= + .OI —.o1| I a+ .08 | —.06 I 
a+1.88+0.43y= + .10 +.08) I a+ 8.48—0.447=|— .06 | —.03 
a+2.88+0.387= + .02 +.01) I a+ 9.68—0.65y=|— .02 | +.02 2 
a+3.68+0.327= + .08 +.07! 3 a+10.68—o.g0vy=|— .o1 | +.04 I 
a+4.68+0.227= — .09 —.09) 3 


The resulting normal equations are 
17.5a+ 74.5B— 0.25y=—O0702, 
+688. B—11.9 y=—1.91, 
+ 3-55¥= +0. 200, 


whence a=+o0%011, B=—0%0034, Y=+0.032. The probable 
error of unit weight is +0’054, and the final values of a’, b’, k 


are 
a’=—1"70 07084, 
b’=+0.089+0.003, 
k =+0.531*+0.031. 


The relatively large probable error of a’ is due to the term 2770 


Ak which it contains. 
The mass of B appears therefore to be slightly greater than that 


of the brighter star A, the ratio 5 being — or 1.140.114. 
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Comparison with the probable errors of other determinations of 
similar ratios—such as those given in the appendix to Boss’s 
Preliminary General Catalogue—shows that this may be regarded 
as a fairly good determination; for which reason it is now pub- 
lished, although the observations of ten years more will confine the 
uncertainty within much narrower limits. 

Correcting the x co-ordinates, with this value of k&, the annual 
motion of C, relative to the center of gravity of AB, is found to 
be +0861 07006. 

The proper motion of the system, relative to this star, is there- 
fore 0”866+0%006 in position angle 244°9+0°2. The orbital 
motion of the principal star accounts for the difference between 
this and the value 07968 in 246°5, found by Barnard for the latter 
for the interval 1890-1905. Both values, however, require 
unknown corrections for the proper motion of star C, which cannot 
safely be neglected in dealing with observations of such accuracy. 


II. Castor (a Geminorum) 


Though this binary has been under observation for nearly 200 
years, the elements of its orbit are still very uncertain. Were 
they accurately known, the spectroscopic observations of H. D. 
Curtis' would enable us to find very reliable values of the parallax 
and mass. 

It may be shown that the existing uncertainty of the elements 
falls almost entirely upon the determination of the parallax, and 
does not seriously influence that of the mass of the system. 

Let i be the angle which the relative velocity of the two com- 
ponents in space makes with the plane tangent to the celestial 
sphere, v the component of this velocity parallel to this plane 
(in seconds of arc per year), and p that perpendicular to it (in 
astronomical units per year). Then v=7p cot i, where 7 is the 
star’s parallax. 

If now Pp is the apparent position angle of the velocity v, as 
projected on the plane of reference, and 2 and ¥ are the node 
and inclination of the orbit-plane, tan i=tan ¥ sin (p—Q), and 


we have 
sin (p—Q) tan y. (1) 


t Astrophysical Journal, 23, 351, 1906. 


MASS-RATIOS OF KRUEGER 60 AND CASTOR 307 


From Curtis’ observations, the value of p (for the centers of 
mass of the rapid spectroscopic binaries which form the compo- 
nents of the visual system) is 7.18+0.23 km/sec or 1.52+0.05 
astronomical units per year, at the epoch 1904.9. v and p can be 
found directly from the micrometer measures of the last few years. 
These give the mean places." 


Position Angle 0.—C. Distance 0.-C. 
1897.88..... 226°4 —o°2 —o'o2 
1900.46..... 225.3 5.66 0.00 
£003 .43..... 224.4 +o.1 5.63 +0.03 
7906.03...... 224.0 +o0.8 5.54 
221.6 —0.7 5.52 +0.02 
221.8 0.0 5 


45 —0.03 


From these with equal weights, we find: 


p= (224210915) —(0°415+0°037) (t—1904), 
— (07020000017) (t— 1904). 


dp 
dt 
ciple of the uniform description of areas in the apparent orbit. 
According to Doberck? the projected radius vector swept over 
7.658 square seconds of arc between 1832.0 and 1896.0. The corre- 
sponding angular velocity at distance 5”59 is —0°438 per annum 
—agreeing with the observed value within its probable error. 
The computed value obviously deserves the preference (its prob- 
able error being doubtless less than 1 per cent of its value). Com- 
dr 
dt 
v=07047 +0’ 001 
p= 109° 2°, 


A check upon the value of —* may be obtained from the prin- 


bining it with the observed value of — , we find, for 1904: 


whence, substituting in (1) 
m cosec (109°—2) cot y=0%0313 070013 (2) 
in which the probable errors of both p and 2 are taken into account. 


* The first three are derived from measures given by Lewis, Memoirs R.A.S., 
56, 217, 1908; the others from observations published in the Astronomische Nach- 
richten, for 1905-1910. 


2 Astronomische Nachrichten, 166, 145, 1904. 
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The numerical terms in this equation depend only on modern 
spectroscopic and micrometric observations, and are independent 
of any hypotheses about the orbit; but to find the parallax we must 
know the position of the orbit-plane. 

The extent to which the latter is uncertain is shown by com- 
paring the five orbits recently derived by Doberck (op. cit.) and 
by Lohse.t All of these represent the observations (including 
Bradley’s estimated position angle ot 1720) fairly well; but the 
first and last give distinct systematic deviations, in opposite 
senses, from the observed positions so that the range of uncertainty 
cannot be much greater than the table indicates. 


240y 7°6 0.80 203°1 07103 6.3 
Doberck III .... 268 7.2 0.75 209. 5 73.0 0.101 
Lohse II .......| 298 5.9 0.58 207.8 | 65.4 0.068 7.4 
Doberck IV.... 347 5.8 0.44 213.9 63.6 0.061 ee 
Doberck V .... 502 6.5 0.23 222.6 61.9 0.053 7.3 


All the elements vary through a wide range; but if they are 
plotted as functions of the period, the individual points lie in all 
cases near a smooth curve. They may therefore be regarded as 
functions of a single ill-determined quantity, e.g., the period. In 
other words, there is practically only one way of drawing an ellipse 
of given area so as to represent the observations, but a great deal 
of latitude as regards this area. 

The values of the parallax and mass, computed for each set of 
elements with the aid of equation (2),? will also be functions of the 
assumed period. The parallaxes vary through a considerable 
range (though not more than would at present be considered satis- 
factory in the case of as many direct determinations). The com- 
puted masses are remarkably accordant—the variations in period, 
major axis, and parallax compensating one another almost per- 
fectly. This would not generally happen, and must be due to 

t Publikationen des astrophysikalischen Observatoriums zu Potsdam, 20, 92, 1908. 

2 As the apparent direction of motion determined from the micrometer observa- 
tions has been used in all cases (instead of that of the tangent to the individual apparent 
orbits), these values will differ slightly from the results of direct computation from the 


radial velocity and the orbital elements. It appears, to the writer at least, that the 
present process, involving as it does the minimum of uncertain data, is preferable. 
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some unusually favorable chance as regards the form and posi- 
tion of the orbit in this particular case; but the fact is put beyond 
question by the numerical calculations. 

We may therefore conclude that the parallax of Castor is approxi- 
mately 0708 +0”03, and that the mass of the whole system is about 
6.51.0 times that of the sun. 


Little is yet known concerning the ratio of the masses of the 
components of the visual system. Crommelin has shown’ that 
the path of the bright component, derived from meridian observa- 
tions, is much more curved than that of the fainter, indicating that 
the latter has the greater mass. The same conclusion may be 
deduced from the micrometer measures of the distant companion, 
which may be summarized as follows (setting p,=163°5): 


AC DLFFERENCES FROM UNIFORM 
MoTION 
p S=x Ax Ay 
162°5 "2°52 —1727 +0706 
162.78 72.42 —o.gI —©. £5 
163.40 72.86 —0.13 +0.13 +0.20 
163.98 73.10 +0.61 +o.18 +0.37 
164.10 73-14 +0.70 +0.02 —o.10 
164.28 72.94 +0.99 —o.26 —0.20 
Yearly motion +0.010 +0.030 
AB* DIFFERENCES FROM UNI- 
FORM MOTION 
? x y Ax ay 
as7<5 4°78 —0733 +4°77 —o"10 —o'24 
250.9 4.97 +0. 22 +4.97 —0.03 —0.04 
242.4 5.34 +1.03 +5.24 +o.11 
234.5 5.63 +1.84 +5.32 +0.09 +0.31 
224.9 5.66 +2.71 +4.907 +0.06 —0.04 
221.8 5.48 +2.89 +4.77 —0.2 
Yearly | motion | +0.044 ©.000 


* Interpolated from Lewis’ table, Memoirs R.A.S., 56, 214, 1906. 


The motion of A, relative to both B and C—especially in y— 
shows a distinct curvature, which appears to be nearly equal in 


* Monthly Notices, 67, 140, 1906. 
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amount in the two cases, indicating once more that the center of 
gravity of the system is near the fainter component. The curva- 
ture is at present too small to afford a reliable determination of the 
mass-ratio; but within twenty years a good determination will be 
possible. For this reason careful measures of AC, especially of the 
position angle, should be made every year. 

It might at first appear that our knowledge of the orbits of the 
spectroscopic binaries might help us here. But as only one com- 
ponent of each of these is bright, all that we can get from this is 
sin’ 
(m-+m,)? 
t’ at of its invisible attendant, and 7 is the inclination of the orbit). 
This may for convenience be called the “apparent mass.” If 


the value of (where m is the mass of the bright star, m, is 


m 
On the actual mass of the system is (1+c)’ cosec? i times the 


I 


“apparent mass.”” From Curtis’ data we have for the stars in 


question: 
a@sini Apparent Mass 
km d 
a,Geminorum ..... 1,485,000 9.219 0.0015 © 
1,279,000 2.928 0.0097 © 


The ‘‘apparent mass”’ of the fainter component is six times that 
of the brighter; but the sum of the “apparent masses”’of the two 
is only 4} of the real sum of their masses, previously determined. 

It is evident that, for one or both of the close pairs, c must be 
large or 7 small. Beyond this they are at present unknown, and 
hence the ratio of the “apparent masses’’ tells us nothing about 
the real mass-ratio. 

If the planes of the secondary orbits are approximately coinci- 
dent with that of the visual orbit (which seems plausible) and 
c is the same for the two close pairs, it must be about 6.5. If 
less than this for one pair, it must be more for the other. 

This is a much greater preponderance of the primary than has 
appeared in any of the systems susceptible of reasonably exact 
investigation. The greatest well-established value of ¢ is 3.0 


> 


MASS-RATIOS OF KRUEGER 60 AND CASTOR 371 


in the case of Procyon. To get as small a value in the present 
case it would be necessary to assume that the orbits of the close 
pairs are inclined less than 30° to the plane of projection—that is, 
that both are inclined at least 35° to the plane of the visual orbit, 
and that the ascending nodes of both on this plane lie near its 
descending node on the plane of projection. This seems rather 
improbable, and the difficulty increases if we assume smaller 
values of c. It is therefore probable that the ‘dark’ companions 
in these two spectroscopic binaries are less massive, in comparison 
with their primaries, than is the case in any systems previously 
investigated. 

However this may be, it is certain that the small “apparent 
masses”’ of these pairs are no valid indication of actual smallness 
of mass. This bears on the interpretation of numerous similar 
cases. The great range pre.ented by the “‘apparent masses”’ of 
spectroscopic binaries has recently been discussed by Campbell? 
and by Schlesinger.s It is easy to show that the number of small 
‘apparent masses” is much too great to be explained by the chance 
occurrence of small values of 7. Schlesinger accounts for them by 
assuming that the masses of some of these stars are actually insig- 
nificant in comparison with that of the sun, and Campbell by 
assuming that in these instances the companions are of considerably 
smaller mass than the visible primaries. 

The present case, which is so far the only one in which the actual 
masses of such pairs can be found, confirms the latter explanation 
and is inconsistent with the former. 

Certain similar cases (e.g., 13 Ceti, « Pegasi) where one com- 
ponent of a visual binary is spectroscopieally double, will further 
test this matter in future. 

Meanwhile the clear evidence in this typical case makes it seem 
reasonable to regard the very small ‘‘apparent masses” as evi- 
dence of small relative mass of the unseen companion, rather than 
of minute absolute mass of the whole system. 

PRINCETON UNIVERSITY OBSERVATORY 


November 12, 1910 


* Boss, Preliminary General Catalogue, p. 267, 1910. 
2 Lick Observatory Bulletin, No. 181, 6, 40, 1910. 
3 Pub. Allegheny Observatory, 1, 147, IgTo. 
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PHOTOGRAPHIC DETERMINATIONS OF STELLAR 
PARALLAX MADE WITH THE YERKES 
REFRACTOR. I 
By FRANK SCHLESINGER 

Almost all the determinations of stellar distances that have been 
published up to the present time have been made with instruments 
of short focal lengths, surprisingly short when we consider the 
accuracy that is demanded and has occasionally been attained 
in this class of work. Thus for example, the Yale heliometer, used 
by Elkin, Chase, and Smith to such good purpose, is only 2.5 
meters long. 

In 1902 some correspondence upon this subject passed between 
Professor Hale (then director of the Yerkes Observatory) and the 
present writer. It seemed very likely that, with the great focal 
lengths of modern refractors and the consequent increase of scale, 
it ought to be possible to bring about a considerable decrease in 
the accidental errors of observation, or else to reduce greatly the 
labor necessary to obtain results within a predetermined limit of 
error. The founding of the Carnegie Institution late in that year 
afforded an opportunity for putting this idea into practice, for 
among its first grants was one for this specific purpose to Professor 
Hale, who invited the writer to take charge of the experiment with 
the great Yerkes refractor. My connection with the Yerkes 
Observatory extended from May 1903 until I assumed new duties 
at the Allegheny Observatory in March 1905. In this interval 
Professor Hale had been succeeded in the directorship of the 
observatory by Professor Frost, who was equally interested in the 
outcome of this work, and who made it possible for me to complete 
it in its present form. 

It is a pleasure to acknowledge here, at the outset of these 
papers, my obligations to those who have contributed so largely 
to them in one way or another: first, to the Carnegie Institution, 
under whose auspices the work was undertaken, the Institution 
assuming the principal items of expense, such as the salaries of 
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myself and of a computer, and the cost of a measuring engine; to 
the Yerkes Observatory and its successive directors, for putting at 
my disposal the facilities of the observatory, including one-quarter 
of the total nights with the 4o-inch refractor, and for defraying 
all minor expenses, such as the cost of plates and recording blanks; 
to Miss Louise Ware, now of the Solar Observatory at Pasadena, 
who proved a most efficient assistant, and to whose conscientious- 
ness the measures and reductions owe much of their merit; to Mr. 
Frank Sullivan, night assistant at the telescope, who aided in secur- 
ing almost all the plates; to Mr. Philip Fox and Mr. Frank C. 
Jordan, who, at Director Frost’s request and with Mr. Sullivan’s 
assistance, secured the additional plates necessary to complete the 
series for certain of the stars; and finally to Mr. Robert H. Baker, 
who did some computing early in 1907, under a special grant to 
the writer by the Carnegie Institution. 


AT THE TELESCOPE 


That excellent photographs may be secured with a large visual 
refractor was first demonstrated by Mr. G. W. Ritchey,’ who 
employed the method of placing a yellow color-screen or filter 
immediately in front of a plate that is sensitive to the yellow as 
well as the blue rays. I had expected to make use of this ingenious 
device for the parallax plates, but upon securing some photographs 
upon yellow-sensitive plates without a screen, and after comparing 
them with some of Mr. Ritchey’s, I came to the somewhat sur- 
prising conclusion that isolated images upon the former are not 
inferior either in smallness or sharpness to those upon the 
screened plates.’ 

The reasons for this I have given in some detail in the A stro- 
physical Journal, 20, 123, 1904. They are in brief that the plates 
employed, Cramer Instantaneous Isochromatic, act as their own 
filters for the region A 4800 to A 5200, as they are only slightly 
sensitive to this part of the spectrum. They have a strong maxi- 
mum at A 4500, but light of this wave-length is so much out of 

Astrophysical Journal, 12, 352, 1900. 


? Under the most favorable circumstances either kind of plate, taken with this 
telescope, will separate the components of a double star that are 0’75 apart. 
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focus that it is spread into a circle about 2 mm in diameter by the 
time it reaches the plate, and is consequently much enfeebled if 
the source of light is a point. For exposures of moderate length 
the only part of the spectrum that is effective in forming the image 
is included between A 5200 and A 5700, a region that is all in fairly 
good focus for a proper setting of the plate. If the exposure be 
prolonged, the brighter stars upon the plate will begin to show 
halos several millimeters in diameter, due to the blue and violet 
light. Such an image is not suitable for accurate measurement, 
even though its nucleus remains well defined. This constitutes a 
disadvantage in the unscreened plates, since it is not possible, 
or at least not advisable, to include in the measurements as large 
a range of magnitudes as upon the screened plates. For parallax 
work, however, this is of no great consequence, because other con- 
siderations make it desirable that the comparison stars should not 
differ too greatly from each other in brightness, a point that will 
be referred to later. 

The use of screened plates raises the question as to the effect 
of the screen’s presence upon precise measures, and the distortions 
introduced by a plate of glass in front of the sensitive film. It 
was deemed better to avoid this difficulty rather than to devise 
methods for overcoming it, and for this reason all the plates here 
discussed were taken without a screen. 

The above remarks refer to the filters that were then available. 
I had pointed out? in 1904 that “the best screen for stellar work 
would not be one which cuts out only the blue rays, but rather 
one which prevented the region A 5200 to A 5400 from reaching 
the plate.”’ Since then Mr. R. J. Wallace, who had made the 
original screens without special reference to the Yerkes refractor, 
has had an opportunity for studying its color-curve in this connec- 
tion, and has succeeded in producing ‘screens that leave little to 
be desired. Not only do they intercept almost completely all that 
portion of the spectrum that is out of focus, but they introduce 
practically no absorption for the yellow and orange rays. Stellar 
images secured with these later screens are superior to the earlier 
in sharpness, and are more suitable for precise measurement. The 

? Astrophysical Journal, 20, 125, 1904. 
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question whether screened plates or unscreened should be used 
for astrometrical purposes, in connection with a visual refractor, is 
thus reopened, particularly as I have recently shown that the 
errors introduced by photographing or measuring through glass 
are very small, even if ordinary glass has been employed, and are 
probably altogether negligible if the screen is made of worked 
glass." 

The first few plates obtained for the parallax work were secured 
with a double-slide plate-carrier for 45 inch plates. This had the 
advantage of being readily attached to the telescope, but it was soon 
found that the field subtended was too small for practical purposes 
and the more cumbersome 8X to inch (20X 25 cm) carrier was used 
instead. A photograph of this instrument appears herewith (Plate 
XIX), and a brief description of it is as follows: A small diagonal 
prism P is placed just in front of the photographic plate, and near 
its longer edge. The bundle of rays from a star that would other- 
wise form an image upon the plate are thus brought to the focus 
of a positive eyepiece E, in which are two fine spider-threads, 
respectively parallel and at right angles to the diurnal motion. 
The 40-inch telescope having been pointed by means of the slow 
motions until the threads exactly bisect the image, the observer 
keeps the star in this position, and compensates for irregularities 
in the driving clock and in refraction, by moving the eyepiece 
with the two screws D and R. These screws are at right angles 
to each other, the first moving the eyepiece and upper slide upon a 
second or lower slide that is controlled with the screw R. The 
upper slide not only supports the guiding eyepiece but the plate- 
holder as well. Consequently the plate follows the apparent fluc- 
tuations of the stellar images with the same faithfulness that the 
guiding star is held at the intersection of the spider-threads in the 
eyepiece, and all the stellar images upon it remain small and round. 
In order to afford greater facility in finding a guiding star after 
any desired object has been placed in the center of the field, the 


* Publications of the Allegheny Observatory, 1, 101, 1909. As early as 1903, Luden- 
dorff (Publicationen des Astrophysikalischen Observatoriums zu Potsdam, 15, No. 49) 
had occasion to measure some plates through glass and concluded that the errors 
thus introduced, while appreciable, are not so large as to prohibit measurements made 
in this way. 
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guiding eyepiece is provided with a motion in the direction of the 
long edge of the plate; and with the same object in view the lower 
slide is mounted upon a circular casting that may be rotated in 
position-angle. This circular casting is provided with a coarse 
circle, graduated at every fifth degree; the index itself is graduated 
to single degrees. It is thus possible to set the instrument within 
a fraction of a degree, and this is ample for the present purposes. 
The whole plate-carrier, which weighs about 43 kilos (96 lbs.), is 
attached to the tail-piece of the telescope by means of four stout 
bolts B, B, and its position is fixed by two dowel pins. The tail- 
piece itself may be racked toward or from the 4o-inch objective, 
and it is in this way that the film of a plate is adjusted to the focal 
plane. The plate-holder is of brass, and loads from the back, as 
every plate-holder should that is to be used in precise work, for 
then the plate is supported along its entire perimeter by a suitable 
ledge, against which it is pressed by several weak springs.’ 

The optical center of a photograph may be defined as the foot 
of a perpendicular let fall from the center of the objective on the 
plane of the plate. It is necessary (with photographs intended for 
accurate measurement) that we should know where the optical 
center lies, and that it should not be too far from the geometrical 
center of the plate. For this purpose an aluminum plate was made 
of the same size as the photographic plate, and it was fastened in 
the holder in precisely the same position that the photograph 
itself ordinarily occupies. To this aluminum plate a small telescope 
was fixed, approximately perpendicular to its plane and projecting 
through a hole in its center. In its focus were two parallel wires, 
which could be adjusted so as to be tangent to the image of the 
40-inch objective. The plate was now removed from the holder 
and turned 180° around the optical axis of the large telescope. 
If the little telescope had been accurately perpendicular to the 
plane of the plate, and if the latter had been perpendicular to the 

t The plate-carrier was designed and constructed by Mr. Ritchey, and is the one 
used by him to obtain his lunar photographs; a few additions for which the writer is 
responsible were made to meet the requirements of the parallax work, consisting of the 
graduated scale on the guiding eyepiece slide, the graduated circle, the dowel pins 


to fix the position of the whole carrier, the metal plate-holder, and a device, to be 
described presently, for partially occulting the light of a bright star. 
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line joining its center with that of the 40-inch objective, the image 
of the objective would have again been tangent to the two parallel 
wires in the focus of the little telescope. The amount by which 
this fails to be the case can be estimated with sufficient accuracy 
and gives the position of the optical center. This method furnishes 
an accurate and convenient means for adjusting the “‘tilt”’ of the 
plate, and the writer has used it to advantage with several tele- 
scopes. 

In the present instance it was found that the optical center lay 
about 6 cm (11 minutes of arc) east of the geometrical center, and 
5 cm (9 minutes of arc) south of it, the telescope being west of the 
pier and directed to the intersection of the meridian with the 
equator. These quantities are somewhat larger than we should 
expect. No adjustment for tilt had been provided in the design 
of the plate-carrier, reliance having been placed on the mechanical 
precision of the tail-piece, etc. A search was made to locate the 
cause of the divergence and it was found to lie in the inequality 
of the four tubes by which the tail-piece is racked toward and from 
the objective. The upper right-hand one of these was found to 
be nearly 2 mm longer, and the opposite one the same amount 
shorter, than the two others." 

This mechanical defect might have been corrected by remov- 
ing the tubes and making them the same length; but this would 
have occasioned considerable inconvenience and expense, and would 
have necessitated a readjustment of the solar and stellar spectro- 
graphs that are in constant use with this telescope. A simpler 
plan would have been to alter the plate-carrier so as to give it 
an equal tilt in the opposite direction. However, neither of these 
changes was carried out, the small field subtended by the photo- 
graphs making it unnecessary in the present work. With a set of 
comparison stars as they would ordinarily be distributed upon the 
plate, the deduced position of the central star would be affected 
by less than o’o1, if the optical center should change its position 
by as much as 3 cm. Therefore all that is necessary is that the 
tilt should not change beyond this limit. The test above described 
was carried out twice with an interval of two years, and was 


* The centers of the tubes form a square that is 64 cm on each side. 
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found to give substantially the same results. It was furthermore 
found that the tilt remained the same whether the tubes had been 
racked in or out. The flexure of the massive tube of the telescope 
may also introduce a slight change in the tilt, but this need be 
given no further consideration in the present work, since all the 
plates were taken with the telescope west of the pier and not far 
from the meridian; and. the flexure is therefore always the same 
for any one star. 

As the time just'after dark is very valuable in parallax work, 
especially if the regions are to be photographed near the meridian, 
it was desirable to devise some rapid method for setting the plate 
in focus, without suffering the delay incident to securing the usual 
“focus plate.” For this purpose a rigid aluminum plate was 
fixed in the position ordinarily occupied by the metallic plate- 
holder. In its center an adapter was mounted, into which fitted 
a 750-power eyepiece, whose tube was graduated into millimeters. 

A focus plate having first been secured and developed, the tail- 
piece was racked in or out so as to place the film in the focal plane. 
The aluminum plate was now attathed and the eyepiece pushed in 
or out until a star appeared in good focus. The reading of the 
scale upon the eyepiece was then recorded. These operations 
were repeated on several evenings and the mean of all the eyepiece 
readings was adopted as standard. In order to set the plate to 
focus on a subsequent evening, without securing a focus plate, all 
that it is necessary to do is to focus the eyepiece upon a star, to 
obtain the reading on its scale, and then to rack the tail-piece 
in or out by an amount equal to the difference between this read- 
ing and the standard. This not only saves much time but it is 
actually more accurate than securing a focus plate; for it was 
found that the standard readings for the eyepiece scale, as deduced 
from different focus plates, varied by as much as 2 mm; while the 
eyepiece could be set to focus visually with considerably greater 
accuracy, if the definition were not too poor. 

Later in these papers we will discuss the amount of error that is 
incurred by a maladjustment of the plate to focus. 

Perhaps the most prolific source of error in early parallax 
determinations, particularly those made by means of photography, 
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has been what Kapteyn calls the ‘‘hour-angle error.” The com- 
plete explanation of its origin has not yet been given, but it is 
doubtless due, partly at least, to the cause assigned by Rambaut, 
who first called attention to this error under the name of ‘‘Atmos- 
pheric Dispersion.”* Let us suppose that we have two stars in 
the same field, one of which is white and the other red. If the 
distance between the two stars is measured at such an hour-angle 
that the red star appears above the other, we shall get this distance 
too small, because the coefficient of refraction for blue rays, which 
are relatively richer in the white star, is greater than for the red 
rays. On the other hand, if we measure the distance between 
them at an hour-angle for which the red star appears below the 
other, we shall get a measured distance that is too large. In the 
present work, this source of error is less to be feared than is usually 
the case, since only a narrow region of the spectrum (A 5200 to 
4 5700) is effective in producing the images, no matter what the 
color of the star may be. It would be entirely feasible to eliminate 
this error, as well as any others that may depend upon the hour- 
angle, by investigating its effect with a properly planned series 
of plates, for each region under observation. But it is perhaps 
well to avoid the error altogether rather than to attempt to evaluate 
it; and this may be done by photographing the region, as Kapteyn 
has repeatedly urged, always in the same hour-angle and pref- 
erably near the meridian. This has accordingly been done for 
all the stars here discussed. It was of course not practicable to 
comply strictly with this condition, for the time with the Yerkes 
refractor is very precious; so that I did not wait until the next 
region came to just a certain hour-angle, but secured as many 
plates as I could during the night, even though some were taken, 
in extreme cases, as much as two hours from the mean hour-angle. 
An effort was made, however, to keep the mean hour-angle for the 
morning plates equal to the mean hour-angle for the evening 
plates of any one region. It can easily be shown that this procedure 
would almost entirely eliminate this error, if it is proportional to 
the hour-angle itself; and this must be approximately the case if 
the plates are taken not too far from the meridian. But even this 

* Monthly Notices, 55, 123, 1895. 
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less rigid condition could not always be complied with, and for a few 
of the regions the mean of the morning hour-angles differs consider- 
ably from that for the evening plates. In order that the reader 
may see for himself how these hour-angles run, this datum is set 
down for each plate in the tables of observations to be given later. 
Another possible source of error is “optical distortion.”’ This 
may be defined as an error in the place of stellar images, depending 
upon the orientation of the objective with reference to the tele- 
scope tube. If the objective were perfect in shape and homo- 
geneity, of course no such error could exist. This subject has 
been studied by several astronomers, and with especial care in the 
case of the two astrographic refractors at Helsingfors and the 
Cape of Good Hope. In both cases it was concluded by Dr. 
Furness" and Professor Jacoby? that no optical distortion of appre- 
ciable size exists. But it would be unsafe to extend this conclu- 
sion to other objectives, and this remark acquires particular force 
for the Yerkes refractor. The great weight and diameter of the 
lenses, and the consequent sag when the telescope is pointed near 
the zenith, produce their effect upon the photographic images, 
rendering them very slightly triangular, the vertices corresponding 
in position-angle to the three supports upon which the objective 
rests. This triangularity doubtless causes the bisections to be 
made at a slightly different place than if the image were perfectly 
round. The error varies with the magnitude of the star, since 
the triangularity is more pronounced with intense images and is 
in fact not at all apparent when the image is faint. The effect 
on the measures is in any case small, but it is very essential in 
parallax work to take it into the reckoning, where quantities of 
o”o1 become important if they are systematic. For this reason, 
it was decided not to reverse the telescope with reference to the 
mounting, but to observe with the tube always on the west side of 
the pier. For reversing a telescope of this form is equivalent to 
rotating the objective and its cell 180° around the optical axis, 


* Publications of the Vassar College Observatory, No. 1, p. 73, 1900. 
2 Contributions from the Observatory of Columbia University, No. 19, p. 74, 1902. 


3 A trace of the effect of sag seems also to be present in visual observations. See 
the paper by Keeler in the Astrophysical Journal, 3, 154, 1806. 
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as referred to any configuration in the sky. If this were done, it is 
obvious that the distortion would at some times shift the images 
apparently to the east, say, and at others to the west. As the 
tendency would be to take all the evening plates with the tube to 
the east of the pier and all the morning plates with the tube to the 
west, almost the whole effect of the distortion would enter into the 
parallax determinations. It has been suggested by Jacoby that the 
objective be rotated 180°, around the axis of the tube, each time 
the telescope is reversed. This would eliminate the error, but as 
no such rotation was provided for in the construction of the tele- 
scope, and as it is questionable whether it would be advisable to 
rotate this objective, the only alternative was to avoid reversing 
the telescope. 

There are other reasons why I decided to observe with the tube 
always west of the pier: first, the driving clock was found to per- 
form somewhat better in this position than in the other." Observ- 
ing from the west side, rather than the east, is in any case preferable, 
as it interferes with the work in the morning hours less than in the 
evening, and this is as it should be. Again, restricting operations 
to one side of the pier and to the neighborhood of the meridian 
preserves the constancy of conditions (so desirable on general 
principles in parallax work) as far as it is possible to do so. 

Toward the beginning of the work the rule of observing only on 
one side of the pier was violated for a few plates. Attention will 
be called to each of these cases in the tables of observations. 

As the focal length of the telescope is 19.36 meters, one milli- 
meter on the plate corresponds to 1076. ,The dimensions of the 
plates employed (20 cm by 25 cm) therefore correspond to about 
35 and 45 minutes of arc. In order to secure suitably situated 
comparison stars in sufficient number within so small an area, it 
is usually necessary to use stars down to about the tenth magni- 
tude, and for this purpose exposures of 5 minutes are ordinarily 
sufficient. With so long a focal length the size of the images 
varies greatly with the atmospheric conditions, and it is therefore 


1 The remarkable faithfulness of this delicate mechanism, used in connection with 
sO massive an instrument and in temperatures ranging from +30° to —30° C., is a 
source of constant admiration to all who have had the privilege of working with this 
telescope. 
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possible, under the best conditions and when the field is a rich one, 
to reduce the exposures to 2 minutes. On the other hand, when 
the transparency is poor, and more eSpecially when the definition 
is bad, it is necessary to double the normal exposures. 

The duration of exposure is fixed by the brightness of the com- 
parison stars, rather than by that of the parallax star.. The 
latter is usually considerable brighter than the former, occasionally 
by as much as seven magnitudes for some of the stars here investi- 
gated. But even when the difference is only two magnitudes it 
becomes a matter of difficulty, on a plate for which the comparison 
stars are sufficiently strong, to measure the overexposed and broad 
image of the parallax star. Some device for enfeebling the light 
of a bright star is therefore a necessity. To this end, I suggested 
several years ago? that the film might be rendered less sensitive in 
the small area upon which the bright image will fall, by local wash- 
ing with some colored fluid. A somewhat similar but more simple 
device was suggested to me with some hesitation by Dr. H. M. 
Reese: to expose the plate in the usual way, to develop first until 
the image of the bright star just appears, to “‘fix’’ the plate at this 
point only, by the use of a drop or two of hyposulphite, and then 
after. washing to continue the development so as to bring out the 
images of comparison stars. Dr. H. N. Russell’ has recently put 
in front of the photographic plate a sheet of plane-parallel glass, 
in the center of which, and nearly in contact with the film, is 
mounted a yellow patch of absorbing material. This appears to 
have worked well except as to permanency, a matter that there 
should be no great difficulty in overcoming. 

None of these devices is quite satisfactory for the purpose here 
in view, for it is not only necessary to reduce the image of the 
parallax star to such an extent as to make it measurable, but it 
is hardly less desirable to be able to control its brightness within 
narrow limits, say two or three tenths of a magnitude, in order 
that its image on the developed plate may be closely equal in inten- 


' For the sake of brevity, we shall use this designation for the star in each field 
whose parallax we desire to determine. 


2 Astrophysical Journal, 10, 243, 1899. 
3 Ibid., 26, 147, 1910. 
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sity to the mean for the comparison stars. The reason for this lies 
in the “guiding-error,’’ which is perhaps the largest item of acci- 
dental error still outstanding in general photographic work. This 
is due to the impossibility of keeping the images of the stars exactly 
stationary upon the plate during the exposure. They will all 
wander more or less from their mean positions, and while these 
excursions are equal in amount and direction for all the stars upon 
the plate, they are registered to a different degree for bright and for 
faint stars. Consequently the position of any image will depend 
to some extent upon its intensity. Now the parallax computations 
may roughly be said to consist in subtracting for each plate the 
mean of the measures upon the comparison stars from that upon 
the parallax star. It is evident, therefore, that the effect of guiding- 
error will be almost entirely eliminated if the magnitude of the 
parallax star can be reduced to the mean of the magnitudes for the 
comparison stars. 

With this in mind I decided to try some mechanical method for 
occulting the light of the parallax star, and mounted an ordinary 
photographic shutter, about 4 cm in diameter, in the center of 
the plate-carrier. This was operated in the usual way by a tube 
and a hand bulb. The exposure began with the shutter closed, so 
that the light of the parallax star did not reach the plate. The 
observer then opened the shutter for a few seconds at a time and 
at intervals symmetrically distributed over the whole exposure. 
The developed plate showed excellent images for the parallax star, 
in no way distinguishable in appearance from those of the compari- 
son stars. I had feared that the effect of diffraction due to the 
shutter might be visible, but no trace of this appeared. When, 
however, we measured the four plates (each with three exposures) 
secured in this way, we found that the probable error of the relative 
position of the parallax star was threefold that for ordinary plates; 
that is, plates on which the parallax star was, to begin with, about 
as faint as the comparison stars. The explanation of this is the 
strong tendency of the observer to avoid opening the shutter to 
the parallax star unless the guiding star is exactly bisected by the 
cross-wires; but the guiding star usually shows a tendency to drift 
off the wires in a definite direction, let us say to the right, for any 
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one plate. Consequently the position of the parallax star, as ob- 
tained by means of the shutter, corresponds closely to the inter- 
section of the cross-wires, while the comparison stars correspond 
to points a little to the right. 

This experiment indicated the necessity for occulting the star 
automatically and continuously without the intervention of the 
observer. Accordingly a rotating disk with an opening of variable 
aperture was constructed, something after the fashion of an Abney 
disk photometer. This is mounted directly in front of the photo- 
graphic plate, with its center a little below that of the plate itself, 
as shown at O in Plate XIX. The disk is rotated perhaps six or 
eight times a second, by means of a small electric motor M just 
outside the plate-carrier, the motor being connected with the 
disk by means of a cord belt. The two halves of the disk can be 
rotated with respect to each other and then clamped, leaving a 
clear sector of any angular aperture desired up to nearly 180°. 
A scale and an index are provided so that the angle of opening 
can be set with accuracy. The whole device can be put into place 
or removed in a minute or two. 

The method of using the rotating disk is as follows: the tele- 
scope is pointed so as to bring the parallax star to the center of 
the field, just above the axis of the disk. The opening of the latter 
is then set, let us say, at 36°, and the disk is put into motion. The 
exposure now begins; it is evident that only one-tenth of the light 
of the parallax star reaches the plate in several hundred inter- 
mittent exposures, lasting a few hundredths of a second each. 
Since the jaws of the opening are radial, it is obvious that this 
fraction of one-tenth is independent of the relative positions of 
the star and the disk, and of the speed at which the latter is rotated. 
The parallax star will, in this case, be apparently reduced in bright- 
ness by 2.5 magnitudes. For each region observed the amount 
of the opening was determined once for all by experiment, so as 
to reduce the apparent magnitude of the parallax star to the mean 
of the comparison stars. 

This method was found to be practicable up to reductions of 
7 magnitudes, corresponding to an angular opening of a little more 
than 0°5. For smaller openings than this, that is, for greater 
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reductions, the uncertainty in setting becomes a considerable 
fraction of the whole opening, since the graduated scale is neces- 
sarily small on a disk that must not cover too large a portion of 
the photographic plate. The images thus obtained, like those with 
the photographic shutter, show no trace of diffraction effects due 
to the disk, and their measurement proves to be as accurate as 
upon unobstructed images of fainter stars. Some of the parallax 
stars in the present program are not very much brighter than the 
comparison stars, and for these the disk was not used. For similar 
work in the future, I should use the disk in relatively more cases than 
I have here, extending it to those fields in which the parallax star is 
only slightly brighter than the comparison stars. For experience 
has shown that the uncertainties in the measured positions, doubt- 
less chiefly because of guiding-error, are considerably greater for 
a field in which the parallax star is as little as one magnitude 
brighter than the comparison stars, than for a field in which the 
parallax star was reduced by the rotating disk to approximate 
equality with them. 

The question as to how many exposures should be made upon 
each plate is an important one. At the outset I decided provi- 
sionally upon three; and later, when opportunity was afforded 
to investigate this matter from a discussion of measures made 
upon the plates, this number was definitely adopted as being about 
the most economical. In common with other observers, I found 
that measures of exposures upon the same plate have a tendency 
toward better agreement than between exposures on plates secured 
on different nights. From this point of view alone, therefore, only 
one exposure should have been impressed upon the plate. But 
the time consumed in setting the telescope upon a region, finding 
the guiding star, etc., is large compared with the length of the 
exposure itself, and consequently three exposures can be secured 
in less than double the time that a single exposure would require. 
It consumed an average of about fifteen minutes to change plates 
in the holder, to point the telescope to a new field, to set the scales 
on the finding eyepiece slide, the position circle, and the rotating 
disk, and to find the guiding star. Thus for five-minute exposures 
the first was obtained after a lapse of about twenty minutes, and 
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the third after a lapse of about thirty-two minutes. For longer 
exposures the gain in time is of course relatively less. 

The complete operation at the telescope was, therefore, as fol- 
lows: Shortly before dark the focus was obtained by the visual 
method described. The telescope was now pointed to a star 
in the program that was then on or near the meridian. The 
guiding for the first exposure was executed by myself; the guiding 
eyepiece slide was then moved to the right or left so as to secure 
a second exposure upon the plate separated from the first by 5 mm, 
and the guiding for this was done by Mr. Sullivan. At its comple- 
tion the slide was moved 5 mm to a third position and the guiding 
was resumed by myself. While Mr. Sullivan was guiding for the 
second exposure, I made the necessary notes and selected the next 
region to be photographed. Only one plate-holder was available, 
and at that time there were no facilities for changing the plates in 
the dome; so that it was necessary to take the holder to a dark- 
room in the observatory below, to store the exposed plate, and to 
put a fresh one in the holder. While I was doing this Mr. Sullivan 
pointed the telescope to the next star, from the information given 
on the ‘‘observing-card,’’* rotated the dome, and put the rising 
floor into proper position. This process was repeated until about 
ten o'clock, after which time, and until well into the morning, it 
is not profitable to continue this work. The “parallax factors” of 
stars that are on the meridian near midnight are small (except in 
rare cases) and plates taken under these conditions would add little 
to the observational material. Accordingly the opportunity was 
taken to develop a few of the plates just secured, in order to make 
certain that all was going well. The telescope was then used for 
other photographic work (such, for example, as securing plates of 
“‘loose’’ clusters) until about two o’clock, when the parallax work 
was resumed. It will be seen that Mr. Sullivan’s assistance 
greatly facilitated these operations; it increased the output of 


t This card gave the position of the parallax star, the settings for the position 
circle, the guiding eyepiece slide, and the opening in the rotating disk, the normal 
length of exposure, and other information, such as a diagram of the stars in the field, 
that would enable the observer to begin the exposure with as little loss of time as 
possible. 


{ 
| 


DETERMINATIONS OF STELLAR PARALLAX 387 


the telescope, as compared with what one alone would have been 
able to accomplish in the same time, by at least 30 per cent. 

The plates that have been measured and reduced for the pur- 
poses of the present papers number 327, and they relate to 25 
different regions. Of these plates 201 were secured by myself, and 
the remaining 126 by Messrs. Jordan, Fox, and Sullivan. In 
addition, many other parallax plates were obtained successively 
by myself, by the observers named, and, since September 19009, 
by Dr. Frederick Slocum. These are to form the basis of subse- 
quent studies of stellar parallax at the Yerkes Observatory. 


ALLEGHENY OBSERVATORY 
December 1910 
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THE SOLAR ROTATION FROM THE MOTION OF THE 
FACULAE ON THE DISK (1906-1908) 
By STANISLAS CHEVALIER 


The history of this subject is short and well known. Only two 
investigations have to be considered, namely, that of Wilsing of 
the Astrophysical Observatory of Potsdam, who inferred that the 
rotation was uniform for all latitudes; and that of Stratonoff who, 
contrariwise, found that the phenomenon known as the equatorial 
acceleration extended to the stratum of the faculae. Although the 
conclusions of the latter were actually beyond doubt, it was clear 
that a new examination of the problem which should check, and 
increase the precision, if possible, of the values thus obtained, would 
not fail to be useful. Moreover, the recent investigations of Messrs. 
Hale and Adams upon the rotation of the flocculi and that of the 
reversing layer call for a more accurate measurement of the rotation 
from the faculae. It is for this reason, on the advice of Mr. Hale, 
that we have attempted to derive from the photographs of the 
Observatory of Zé-sé a new determination of that rotation. 

Preparation of the photographs.—We began by examining all the 
negatives of the years 1906-1908, in order to select those which 
would be able to furnish data for this work. It is necessary to find 
two photographs separated by an interval of about twenty-four 
hours, both of which are as sharp as possible, to permit of recognizing 
the same faculae with certainty on both of the plates. It does not 
suffice to find on them one and the same group, but it is necessary to 
be able to determine the same small facula and the same detail 
distinctly marked in the group. For this work of reconnaissance 
it is necessary to examine the two photographs side by side very 
carefully, with the assistance of eyepieces having greater or less 
power. These identical details once found must be marked in 
red ink on the varnished film of celluloid with which we cover all 
our negatives of the sun. This point should be marked as accu- 
rately as possible and in the same manner upon the two photographs, 
for the measurer has to determine the heliographic position of the 
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point. The method of pointing is certainly not ideal, and it 
introduces a new source of error, which will be of the same order 
as errors of measurement. But with objects so delicate and diffi- 
cult of recognition, it was absolutely indispensable. 

This work of identification is important and difficult, for the 
observer has no guide except the similarity of the form, and occa- 
sionally the relative position of the spot. The mobility of the 
faculae is furthermore such that it is generally impossible to be 
absolutely certain of the identity of the two faculae. It is neces- 
sary to content oneself with a greater or less degree of probability. 
It is, therefore, inevitable that one must make some errors of 
identification. Sometimes the faulty identification of the faculae 
marked appears on the first attempt at measurement: then there is 
nothing to do but to discard it without giving it further attention. 
But there are cases where the error remains doubtful, where one 
does not know whether he is dealing with a facula having a very 
large proper motion, or whether there are two faculae of the same 
group more or less closely resembling each other. The observer is 
in the well-known situation where the extreme residuals must be 
rejected. 

Measurement of the plates.—The sources of error, and very appre- 
ciable ones, are numerous and inevitable in the measurement of the 
rotation of the sun from faculae. The proper motion of the faculae, 
their real changes of form, which occur often and rapidly, their 
changes of form due to perspective, the fact that their position is 
always so near the limb, which interferes with the precise determina- 
tion of their longitude—these are all necessary causes, to which we 
are obliged to add our errors of pointing. One therefore cannot 
hope to obtain anything more than a tolerable accuracy in the 
measures, except by making a large number of observations in each 
zone. 

It accordingly becomes indispensable to adopt some method of 
measurement which permits the determination of many thousands 
of heliographic positions without excessive labor. Since the begin- 
ning of our work on the sun we have employed a very simple pro- 
cedure in measuring heliographic positions on our photographs. 
It consists in placing upon the image of the sun a transparent 
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chart of the solar meridians and parallels, such as would be 
imprinted upon the image if they really existed. With the chart 
selected, and accurately fitted upon the solar image, the heliographic 
position of any object whatever upon the surface is obtained by a 
single reading. As our first charts seemed to be too imperfect, 
a series of new ones on a larger scale (disk of 40 cm diameter) were 
prepared for the work. The series includes fourteen charts, each 
differing from the preceding one by increasing the latitude of the 
center by half a degree. From these charts the parallels are traced 
by alternate degrees from zero to 42°, and the meridians are traced 
at the same interval up to 80°. At the center of the chart one degree 
is equivalent to 3.5 mm, and the error of the ruling does not exceed 
©o.I mm, or 0°03. Near the edges the relative error is naturally 
somewhat larger. These charts, drawn by our draftsman, Mr. F. 
Tsang, have appeared to be very satisfactory." Every one of them 
has been photographed several times, to conform to the size of the 
solar image at different dates. 

The maximum difference which is permitted to occur between 
the latitude of the center of the solar disk and that of the center of 
the chart employed is 15’. Its effect, which is nearly zero on the 
longitude, is more sensible on the latitude, but it is possible to cancel 
it by a double measurement with two charts between which the 
true latitude of the center is comprised. Mr. Hale, to whose 
examination I submitted one of the charts, as well as the plan of 
employing them in our work, replied as follows: 


I requested Professor Seares, superintendent of our computing division, to 
make a critical examination of the method of measurement and to report the 
results to me..... Professor Seares believes that if a sufficient number of 
measuring scales is available, the error of measurement of a position should 
not exceed 0°3 too°5. It seems probable to me that results obtained by this 
method will be sufficiently precise, especially in view of the nature of the faculae 
and their rapid change in form. 


The sole difficulty of the measurement consists in accurately 
fitting the chart to the solar image so that the equator of the chart 
coincides with that of the sun, and the central meridians and the 


t An example of these charts and a description of the method used in drawing 
them may be found in Vol. IV of the Annales of the Observatory of Zé-sé. 
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edges are accurately superposed. The two photographs are then 
placed between the clamps of a support which keeps them pressed 
one upon the other, before the eye of the observer. Using a 
magnifier, he has only to verify the coincidence and read the helio- 
graphic position. To diminish errors, but particularly to avoid 
the introduction of an error of 2° in the reading, which might 
easily be made, all the measures are done in duplicate and are 
verified in case of doubt. All these measures were made by Mr. 
Sinow Zeng, chief of the bureau of solar measures, and upon exami- 
nation of the double series of independent measures, it is manifest 
that the readings were very well made. 

Calculation and formation of the tables of observation.—Five 
hundred and seventy-two plates combined in pairs have been 
utilized in the work, from which 5216 heliographic positions of 
faculae have been derived. The positions of the same facula 
picked out on two plates separated by an interval of time @, gener- 
ally about 24 hours, give by a simple difference the observed 
motion of the facula during the time @. The observed motion 
in longitude multiplied by the ratio 24:4 gives the synodic rotation 
of the sun in 24 hours. To pass from this to sidereal rotation, it 
is only necessary to add the projection on the solar equator of the 
motion of the earth during the twenty-four hours. The 5216 
observations of the faculae have furnished 2608 measures of the 
diurnal sidereal rotation of the sun. All the observations have been 
reduced to tables of nine columns, containing: the date of the 
photographs and the factor 24:8; the successive number of the 
observed faculae, arranged by dates of the plates and upon each 
plate according to the latitude; the mean latitude and the observed 
variation in latitude; the distances to the central meridian measured 
on the two photographs, and the motion in longitude, which is 
deduced from it; the synodic rotation in 24 hours, and, finally, 
the diurnal sidereal rotation, which we shall designate by &, as is 
customary. The examination of the tables has led us to eliminate 
33 values, for which the variation in latitude, combined with the 
variation in longitude, implied a proper motion of the facula equal 
or superior to 3°. The reason for adopting that limit was that a 
summary examination gave o°5 as the mean error of a measure. 
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Procedure, and result of observations —To make use of the 2576 
measures of the rotation which remain, it was necessary to construct 
new tables which would be arranged, not chronologically, but 
according to latitude. For these abridged tables, which will be 
published in the Annales of the Observatory of Zé-sé, we have 
adopted the division into zones of 5°, from the equator to the two 
poles. Besides furnishing a number of zones, limited but sufficient, 
this division has the further advantage of being more readily 
adapted to a comparison between our results and those of other 
observers. We shall give here only the final results of the observa- 
tions, i.e., the rotation € obtained for each zone of five degrees, the 
number of observations made in the zone, the mean latitude of the 
faculae measured, the mean error of one measure of rotation, and the 
probable error of the mean. For completeness, we shall add the 
mean of the variations of latitude observed in each zone. 


Probable | Mean Error Mean 

Latitude Zones Observations} Latitude | Ertorofthe of an, Variation in 
+30° to +25°..... 42 26°6 | 139900 #0°495 0°50 
97 14.168 0.088 o.582 0.55 
246 17.6 14.209 ©.049 0.521 0.50 
371 12.4 | 14.279 0.039 0.508 0.50 
fo to 312 7.9 14.451 0.044 0.530 0.45 
IOI 3-0 | 14.471 0.071 ©.479 0.55 
07 3-3 | 14.521 0.070 0.505 ©.49 
— 5 to—10...... 249 7.9 | 14.418 0.050 0.531 0.51 
375 —12.5 | 14.390 0.036 ©. 407 0.43 
—15 to —20...... 359 —17.4 | 14.251 0.040 0.508 0.44 
—20 to —25...... 222 —22.2 | 14.209 0.051 0.507 0.53 
—25 to —30...... 104 — 26.8 14.042 0.063 0.432 | 0.54 


In order to give a still clearer idea of the solar rotation from 
faculae in the above table, we have drawn a curve of the values in 
the column under €. The second curve of that figure, which is 
entirely regular, was drawn from the means of the same observa- 
tions, but grouped by zones of 10°. 

Briefly summarized, the conclusions which may be drawn from 
the curves are as follows: 

1. The equatorial acceleration is so clearly indicated in the 
whole zone from +30° to —30°, over which our observations 
extended, that it is absolutely impossible to fail to recognize it. 
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2. The acceleration is very regular, even on the curve of five- 
degree zones, and its irregularities may properly be assigned to 
errors of observation. 

3. The variations seem to be slightly less in the vicinity of the 
equator than in higher latitudes. This is furthermore entirely 
natural, since the curve passes through a maximum at about o°. 

4. The difference between the two hemispheres is so clearly 
indicated that it is difficult to attribute it to an accidental arrange- 
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ment of errors of observation. All the values of & in the southern 
hemisphere are larger than the corresponding ones in the northern 
hemisphere. There is but a single exception for the zone +5° to 
+10°, and further, the general course of the curve leads us to think 
that the value of the zone +5° to +10° is a little too large. It 
therefore seems highly probable that during the period of three 
years, 1906-1908, the mean rotation has been actually a little more 
rapid in the southern hemisphere than in the northern. 

5. There is another very remarkable difference between the two 
hemispheres. The variation of velocity as a function of the lati- 
tude is more rapid in the northern hemisphere than in the southern. 
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6. According to the curve based on the observations by five- 
degree zones, the maximum velocity would not be found exactly 
at the equator, but a little south of it. 

The last point is, however, altogether doubtful; for it depends 
only upon the values obtained for the equatorial zone, which are 
less certain on account of the more limited number of observations. 

In grouping the observed values of € by zones of 10°, we obtain 
in each hemisphere three points which are nearly on a right line. 
Their arrangement entirely contradicts the remark under 6, 
although it confirms the others. 

Despite the fact that the differences between the two hemi- 
spheres seem to be real, as they are neither certain nor constant, 
they ought not to prevent us from combining the zones of the same 
latitude north and south to obtain a mean value which should be 
more accurate and more assured. This mean is given in the fol- 
lowing table. We have included the mean latitude corresponding 
to the mean value of &, and the number of days necessary for a 
complete solar rotation with the velocity assigned. 


Zones Probable Error Latitude 
14°405 +0°033 3°2 24°836 
14.430 0.021 7.9 24.937 
14.335 0.017 12.4 25.129 
14.236 0.020 17.3 25.288 
14.197 0.032 22.2 25.357 
14.001 0.041 26.8 25.712 


Two formulae are almost equally well adapted to express this 
result, the one a function of the square of the sine, and the other a 
function of the cosine of the latitude, viz.: 


€=14°470—2°268 sin? A= 868! 2—136/1 sin?A; 
€=10°140+4°331 cos A=608/4+ 259/09 cos A. 


These two formulae give sensibly the same velocity of rotation for 
the different latitudes, within the limits of observation, but it is 
clear that they could not be extended to a higher latitude. 
Comparison of our results with those of other observers.—As there 
is only one other attempt at the measurement of solar rotation by 
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the faculae, that of Stratonoff of the Observatory of Pulkowa, we 
must first of all compare our results with his. Since Stratonoff’s 
memoir is not available to me, I will copy his values from the 
volume by Messrs. Hale and Fox, The Rotation Period of the Sun 
as Determined from the Motions of the Calcium Flocculi, No. 93 of 
the Publications of the Carnegie Institution of Washington. The 
following table gives a comparison of the two series of determina- 
tions at Pulkowa and at Zé-sé. We have added the number of 
observations made in each zone to the value of the rotation found 
for the zone. To the table of mean values based on the same 
observations for the two hemispheres we have given a column for 
the probable error of the mean. 


| 
| NorRTHERN HEMISPHERE SOUTHERN HEMISPHERE 
ZONES Pulkowa Zb-sé Pulkowa Zb-sé 
Number é é Number | Number | é é Number 
| 14°62 | 149471 | | 14°s21 97 
§ to1o.....} 39 | 14.61 | 14.451 312 9 | 14°63 | 14.418 249 
sO 90.85..... |} 125 | 14.34 | 14.279 371 67 | 14 26 | 14.390 375 
ss 30. ....: | 14.14 | 14.209 | 246 124 | 14.21 | 14.251 359 
20 tO 25.....| 124 | 14.21 | 14.168 97 137. | 14.17 | 14.209 222 
os 109 | 13.97 | 13.900 | 42 IOI | 14.20 | 14.042 104 
| Means Or HEMISPHERES 
ZONES Pulkowa Z6-sé 
é € é € 
14°62 | 14°495 | 0°033 
14.61 0.061 14.436 | 0.021 
to fs...... 14.31 0.044 14.335 0.017 
14.18 0.036 14.296 0.020 
14.19 0.036 14.197 ©.032 
14.08 ©.040 14.001 0.041 
35 to40..... 13.61 | 


It seems evident, owing to the much larger number of observa: 
tions, that our series marks an actual progress in the study of the 
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question. The superiority of our series follows less from the com- 
parison of probable errors than from the regularity of the values 
obtained. If the accordance of the two series is not complete, it is 
nevertheless very satisfactory, at least for the zones where the 
Pulkowa series has a sufficient number of observations. The dis- 
cordance is hardly worth considering, except in the two equatorial 
zones from 10° to 0°, but for those two zones Pulkowa has only a 
very small number of measures, forty-eight for one and nine for 
the other. The value 14°61 for zone 5° to 10° is in accordance 
neither with those of a higher latitude, nor with those of the zones 
°° to 5°. 

Comparison with the rotation derived from spots—We now should 
compare the rotation we have determined from the faculae with 
that from the motion of spots. The spots lie in the photosphere, 
while the faculae float at a great distance above them. Do these 
two strata share in the same rotation? This comparison ought 
to settle the question. Unfortunately in spite of all the work on 
the spots and the solar rotation according to the motion of the spots, 
we have no expression of that rotation of which we may be truly 
certain. The formulae proposed, following that of Carrington, 
are numerous, but they are in very poor agreement among them- 
selves, as well as with those which we have derived from the move- 
ment of the faculae. They are: 


Carrington, £=865’—165’ sin j A. 
Faye, €=862'—186' sin? A. 
Spoerer, £€=512/9+347/9 cosA. 
Tisserand, €=857/6—157’ sin? A. 


The most extensive work on the subject, and that which has 
involved the most numerous observations, seems to be that of Mr. 
and Mrs. Maunder, entitled ‘‘Solar Rotation Period from Green- 
wich Sun-Spot Measures,”’ Monthly Notices, 65, 813, 1905. Out 
of 4700 groups of spots observed from 1879 to 1901, during two 
eleven-year cycles, the Maunders have retained only 1872 groups, 
which were observed at least for six days. They obtained two 
different expressions for the rotation: the one derived from all the 
groups, each of which was treated individually with regard to its 
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transit across the disk; and the other from the spots of long 
duration observed at least on two successive transits: 


From the first, €=875/7—164’ sin? A. 
From the second, €=866/6—128’ sin? A. 


The second of these formulae is in almost complete accord with 
that which we have derived from the movement of the faculae. 
It seems furthermore to deserve more confidence than the first 
formula, for, in the first place, it is less compromised than the 
first by the objections which may be raised against Mr. Maunder’s 
method; in the second place, as that author remarked, “there is 
no doubt that these groups [long-lived groups] are much more 
free from the effect of accidental motions than the groups when 
considered separately at each apparition.’”’ But, in view of such 
different formulae to represent the same phenomenon, the observer 
is in much perplexity. Each formula represents the mean rotation 
of a certain number of spots, which may differ from the mean 
rotation of a certain number of other spots, and differs from the 
rotation of the photosphere. The last fact is the most important 
one to consider, for to make deductions from the rotation of a certain 
number of spots, it is necessary that the sum of their proper motions 
should be zero. We are consequently under the necessity of 
employing in this research only those spots which have small 
proper motions, under penalty of vitiating the result, and of compar- 
ing among themselves the heliographic positions of points that are 
well determined. 

The conclusion of the comparison which we have attempted 
to make seems to us clearly to indicate that the rotation of the 
faculae does not differ more from the rotation of the spots than the 
rotations of different spots differ among themselves. To make 
a more accurate comparison of the rotations of these two super- 
posed strata, it would be necessary to know both with a greater 
degree of certainty. 

Comparison with the rotation determined from the flocculi.—There 
is only one preliminary work upon this rotation, that of Messrs. 
Hale and Fox, already cited. We are therefore able to compare with 
provisional results only. It is sufficient to say that it is necessary 
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that we should not be hasty in drawing conclusions. It will more- 
over be useful to place before the eyes of the reader the two results 
as we have arranged them in the following table: 


| NORTHERN HEMISPHERE SOUTHERN HEMISPHERE 
| 
Flocculi Faculae Flocculi Faculae 

oto 5°..| 14°72 |#o°o31 | 14°47 | 14°57 0.045 14°52 |+0°076 
5 to10...| 14.50 .027 | 14.45 .044 | 14.55 .030 14.42 .O50 
Io to 15...| 14.34 .024 | 14.28 .039 | 14.39 .020 | 14.39 .036 
34,34 .025 | 14.21 .049 | 14.30 .028 | 14.25 
20 to 25...| 14.13 Oss | £4.37 .088 | 14.11 038 «14.21 .O51 
25 to 30...| 13.74 .060 | 13.90 113 | 14.03 .073 | 14.04 .063 

Means OF HEMISPHERES 
Flocculi Faculae 

oto 5° 14°66 +0°026 14°50 +0°033 
5 toto 14.52 .020 14.44 O21 
Io tors 14.37 .o16 14.34 O17 
15 to 20 14.22 O19 14.24 020 
20 to 25 14.12 .026 14.20 032 


According to these preliminary results the rotation of the floc- 
culi would seem to be more rapid at the equator than that of the 
faculae; but their variation of velocity as a function of the latitude 
would be more much rapid than for the faculae. 

Comparison with the rotation of the reversing layer—The memoir 
by N. C. Dunér is still the most complete work upon the rotation 
of the reversing layer, at least to our knowledge. According to 
Dunér, the rotation of the absorbing stratum is well represented 
by the following formula: 


€=14°807—4°172 sin? A, 
while we have found for the faculae 
€=14°470—2°268 sin? A. 


The rotation of the reversing layer would therefore be still more 
rapid than that of the flocculi. As for the flocculi, the variation 
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as a function of the latitude is still more rapid than that which we 
have found. 

The last two comparisons would favor the supposition that the 
acceleration derived from our measures may be a little too small, 
but its agreement with the formula which Mr. and Mrs. Maunder 
have derived from a study of spots of long duration is, on the con- 
trary, favorable to its correctness. This question, therefore, still 
requires new investigations before it can be fully cleared up. 
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REVIEWS 
Physik der Sonne. Von E. PrincsHem. Leipzig and Berlin: 
B. G. Teubner, 1910. 8vo, pp. 435, with 235 diagrams and 
7 plates; cloth, M. 18. 

Never in the history of astronomy has the interest in solar research 
been so great as at the present time. The perfection of the spectro- 
scope, the invention of the spectroheliograph, the construction of great 
astrophysical observatories, and the activity of the International Union 
for Co-operation in Solar Research have all contributed largely toward 
this end. Great discoveries and new theories have followed each other 
so rapidly that it has been difficult to keep pace with them. Under 
these conditions any book on the subject must necessarily be somewhat 
out of date by the time it leaves the press. However, in the Physik der 
Sonne we find an excellent résumé of the status of the scientific knowl- 
edge of the sun down to the year 1909. 

For many years Professor Pringsheim gave a course of lectures 
under the above title at the University of Berlin, and the book is the 
outcome of these lectures. They were open to students of all the faculties 
and were therefore popular in nature. The book likewise will appeal 
not only to astrophysicists and physicists, but to all who are interested 
in general science. 

In the introduction the author deals with the sun as the source of 
all terrestrial energy and considers its influence upon the life on the 
earth. In successive chapters he discusses the distance, size, and mass 
of the sun; the photosphere; solar rotation and periodicity of solar 
activity; spectrum of the sun and its chemical composition; solar 
eclipses; chromosphere and prominences; solar theories; corona and 
solar atmosphere; flocculi, vortices, and Zeeman effect; and radiation 
and temperature of the sun. 

For many readers the most interesting chapters of the book will be 
those that deal with the theories of the sun. “Die Theorien entstehen 
und vergehen wie die Blatter der Baéume und die Geschlechter der 
Menschen,” as the author says. On account of their historic interest, 
several of the older theories are given in outline; e.g., the theories of 
Cossinii, Wilson, Bode, Herschel, Kirchhoff, Zéllner, Respighi, and 
Lockyer; while the more modern theories of Young, Schmidt, Schwarz- 
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schild, Julius, Emden, and Oppolzer are discussed more in detail. The 
anomalous dispersion theory of Julius is given more attention than any 
other. The author says that this theory has always been taken more 
seriously by physicists than by astrophysicists. This is perhaps quite 
natural. It is very difficult for one who has observed sun-spots, faculae, 
flocculi, and prominences to accept a theory which explains them as 
mere illusions. 

Interesting summaries of numerical data appear throughout the 
book. The latest value of the sun-spot period is given as 11.125 years, 
with sub-periods of 8.344 and 4.768 years. From a discussion of the 
values of the solar constant from the determination of Pouillet in 1837 
down to that of Abbot and Fowle in 1908, a mean of 2.2 is derived, and 
from this an effective temperature of 6033° absolute. 

Tables of the distribution of light, heat, spectral and chemical 
intensity over the sun’s disk are given, as well as the transmission 
coefficients for different wave-lengths. From a combination of the 
determinations by different methods of the daily velocity of rotation, 
mean values are derived ranging from 14°7 at the equator to 11°8 at 
about latitude 75°. These values will be somewhat changed by the 
more recent investigations of Adams, Perot, and others. 

The illustrations are for the most part poor, partly due to the poor 
paper upon which they are printed. Figs. 113 and 114 have been so 
retouched in the process of reproduction that they bear little resem- 
blance to the originals. 

Attention may be called to a few mistakes. The date of Fig. ror, 
p. 181, is May 28, 1900, not 1893 as stated on p. 182. To preserve the 
historic interest of Fig. 103, p. 182, the exact date July 9, 1891, should 
be added. Referring to the working of the Rumford spectroheliograph, 
the two slits are fixed and the exposure is made by moving the sun’s 
image over the first slit and the photographic plate over the second, and 
not as stated at the foot of p.187. Figs. 108, 109, 110, and 111 are all 
from photographs taken at the Kenwood Observatory, not at the Yerkes 
Observatory as stated on p. 189. In Fig. 116, p. 195, the use of C 
between D, and F, apparently to denote coronium, is misleading, if not 
actually incorrect. Pringsheim himself calls attention to the fact that 
the chromospheric line 1474 K has a wave-length of 5316.8 and is not 
identical with the chief coronal line, the wave-length of which is now 
given as 5303.3. In Riccd’s original plate in the Comptes Rendus this 
line is marked 6. Fig. 183, p. 311, is from a drawing by Professor 
William Harkness based on twelve photographs. 
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Throughout the work original sources are cited, forming an excellent 


bibliography of the whole subject. 
FREDERICK SLOCUM 


Les théories modernes du soleil. Par J. Boster. (Encyclopédie 
scientifique.) Paris: Octave Doin & Fils, 1910. Pp. 370, 
with 49 diagrams. Fr. 5. 

It is a question whether the observations of any natural phenomena 
have ever been explained in a greater variety of ways than the observa- 
tions made on the sun. According to the various theories the same phe- 
nomena may be explained by the principles of conventional circulation, 
chemical dissociation, thermodynamics, electrodynamics, refraction, 
radioactivity, anomalous dispersion, etc. 

M. Bosler has set forth most of the different theories in a very 
elementary way, and, in some cases, has added comments on the merits 
of the theory. It is interesting to note how the development of the 
theories has paralleled the development of science, and the reader will 
undoubtedly feel that the development must proceed farther before a 
satisfactory theory is found. 

The illustrations are, with only a few exceptions, very poor. Fig. 
45, P- 321, should be inverted, the legends remaining as they are. 

FREDERICK SLOCUM 

The Spectroscope and Its Work. By H. F. Newari. London: 
Society for Promoting Christian Knowledge (New York 
Agent, E.S. Gorham), 1910. 12 mo, pp. 163, with 58 figures, 
eight half-tone plates, and a frontispiece of colored spectra. 
2s. 6d. 


This appears as one of the “Manuals of Elementary Science” of 
the society named above. It should fulfil its purpose admirably, for 
it gives a sketch of nearly the whole field in a clear and simple manner. 
Difficult as is the task of writing a treatise on a given specialized depart- 
ment of science, that of selecting the main points and then compressing 
them into a primer of 160 pages is in some ways a greater one. 

The first thing that strikes the reader is the fresh method of pres- 
entation of what is to some a familiar subject: the author has used his 
own original ideas, without being over-influenced therein by the classical 
works of earlier days. The figures are new and appropriate: one misses 
the old-time woodcuts, some of which have done good service for nearly 
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threescore years since their first appearance in memoirs of the pioneers 
of spectroscopy. 

The book is written also to encourage personal observation in a 
fascinating subject. The historical facts are not omitted, however, and 
room is found for quotations from Newton’s memoir on optics of 1675. 
After briefly describing the essentials of the spectroscope in an early 
chapter, the author later reverts to the subject in a particularly useful 
chapter entitled “Increase of the Power of a Spectroscope.” This will 
be of value to many besides beginners in spectroscopy. 

Five chapters are devoted to the work of the spectroscope in its 
astronomical applications, and these necessarily have to be brief. Two 
valuable chapters are entitled ‘‘Law in the Spectrum,” one dealing 
with the continuous spectrum, the other with bright-line spectra. An 
excellent brief exposition of diffraction and the measurement of wave- 
length is given in chap. xiv. The final chapter treats of variations in 
the spectra of gases and vapors. 

The plates are good, and the colored frontispiece should help the 
general reader in understanding the fundamental differences of spectra. 
The book deserves a wide circulation and is further recommended as a 
good work for collateral reading by classes in general astronomy. 


E. B. F. 
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“An interesting and important contribution to art literature . . . profusely illustrated with 
reproductions of excellent quality, which add to the interest of the descriptions.” —Brush 
and Pencil. 

L. M. MONTGOMERY’S three“delightful books 

Clot 

Anne of Green Gables 

Cloth 

Anne of Avonlea Illustrated, $1.50 
Cloth 
Hilmeny of the Orchard cctvated, 01.26 


“Books to uplift the spirit and drive the pessimist into bankruptcy.” 
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— | PASADENA. CALIFORNIA 


Reflecting Telescopes 
and Optical Mirrors 


We are establishing our own optical 
and instrument works in Pasadena. 


Complete reflecting telescopes and 
coelostats up to the largest size and 
of the latest design, for astronomical 
photography of all kinds. 


Optically plane, spherical, parabo- 
loidal and hyperboloidal mirrors, 
Quality fully guaranteed. Prices 
reasonable. 


Small and economical reflecting 


telescopes for colleges, schools and 


The 60-inch Reflector of the Mt. Wilson Solar Observa- homes. 


tory. 


Designed by Professor Ritchey and constructed 


under his supervision in the observatory shops. CORRESPONDENCE SOLICITED 


PHYSICAL SCIENCES 


OUTLINES OF GEOLOGIC HISTORY, WITH ESPECIAL REFERENCE TO NORTH AMERICA 


THE STUDY OF STELLAR EVOLUTIO 
QUANTITATIVE CLASSIFICATION OF IGNEOUS ROCKS _ By Whitman Cross, Joseph Iddings, 
Louis V. Dessccmn, and Henry 


LIGHT WAVES AND THEIR USES By Albert A. Michelson 
PHYSICAL CHEMISTRY IN THE SERVICE OF THE SCIENCES 


THE ROLE OF DIFFUSION AND OSMOTIC PRESSURE IN PLANTS. By Burton E. Livingston 


PUBLICATIONS IN THE UE 


Edited By Rollin D. Salisbury 
A series of Essays Involving a Discussion of Geologic Correlation, Presented before Section E of the 
American Association for the Advancement of Science in Baltimore, December, 1908. 314 pp., 8vo, cloth; 


net $1.50, postpaid $1.66. 
Ellery Hale 


N By George 
An account of some modern methods of Astrophysical Research. 250 pp., 104 plates, 8vo, cloth; net 
$4.00, postpaid $4.27. 


S. Washington 
286 pp., 8vo, cloth; net $1.75, postpaid $1.9r. 


With 108 drawings and three colored plates. 174 pp., 8vo, cloth; net $1.50. postpaid $1.63. 


With illustrations. By Jacobus H. Van’t Hoff, Professor Ordinarius of the University of Berlin. 
Translated by Alexander Smith. xviii+126 pp., 8vo, cloth; net $1.50, postpaid $1.62. 


xiv+150 pp., 8vo, cloth; net $1.50, postpaid $1.62. 


ADDRESS DEPARTMENT P 


THE UNIVERSITY OF CHICAGO PRESS 


CHICAGO, ILLINOIS aa) 
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SLIDES AND PRINTS 


of SPECIAL INTEREST at the present time, from 
recent astronomical photographs made at the 
Yerkes Observatory, can be supplied by 
The University of Chicago Press 


WE MENTION 
A fine Series of Photographs of 
Comet Morehouse 


taken by Professor Barnard. Stereograms (on paper or glass) 
of this comet and plates of its spectrum. 


Various Photographs of 


Halley’s Comet 


taken at intervals from September 1909 to July 1910. Also 
copies from old prints and drawings made at previous returns. 


Photographs of ‘ 
Saturn, Mars, and Jupiter 
recently obtained with the 40-inch telescope by Professor 
Barnard. 

Spectrohelicgrams of 


Sun-Spots 
showing vortices in the solar atmosphere. 
Spectrograms of Rapid Spectroscopic 


Binary Stars 


Catalogue, with appendices, referring to about 600 Astronomical 
Subjects, now available, will be sent free on request. 


Address Dept. P 


The University of Chicago Press 


Chicago, Illinois 


Bulletin of Recent Publications of 
The University of Chicago Press 


Pragmatism and Its Critics. By Addison W. Moore, Professor 
of Philosophy in the University of Chicago. 


294 pages, 12mo, cloth; postpaid $1.61 


This is the clearest and most satisfactory summing-up of the 
controversy that has yet appeared. Even the most technical 
matters are presented in such a way as to be intelligible to anyone 
who is genuinely interested in the movement. The book covers 
all the important points at issue, but special emphasis is laid on: 
(1) The historical development of the pragmatic movement; 
(2) Its relation to the conception of evolution; (3) The social 
character of pragmatic doctrines. 

The treatment is sympathetic and incisive. 


The Education of Women. By Marion Talbot, Dean of Women 
in the University of Chicago. 


266 pages, 8vo, cloth; postpaid $1.37 


A book which treats of the increasing influence of women 
during the nineteenth century; their advent into industrial 
and commercial spheres; their admission to colleges and uni- 
versities; their development along civic, philanthropic, domestic, 
and social lines; with a study of the educational machinery af- 
fecting women and suggestions for changes in academic training, 
hygienic education, social and domestic life, with special refer- 
ence to the college period. Fifty years of experiment have 
proved that educational methods are ineffectual if they do not 
take into account the peculiar wants of womankind. 


Journal of Education. No one in the United States is better prepared by 
experience, taste, and associations to treat of this subject than is Dr. 
Marion Talbot. A native of Boston, and a graduate of Boston Uni- 
versity, she has lived in Chicago for twenty years, has been dean of 
the women’s department in Chicago University for most of that time, 
and has been a student of all phases of the problem of woman’s educa- 
tion. Add to this her scientific trend of thought and her literary 
skill and you have all the conditions to write the best book on the 
subject, and here you have that best book. 
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The Meaning of Social Science. By Albion W. Small, Professor 
of Sociology in the University of Chicago. 


320 pages, 12mo, cloth; postpaid $1.62 


A recent German writer has said: ‘‘The future of scientific 
investigation, not merely in the realm of the social sciences but 
of all the sciences, will lead in an ascending degree to the increas- 
ing recognition of the coherence of all scientific thought. The 
separation into distinct disciplines will no longer have, as its last 
result, the isolation of the investigators, but a more general, 
more comprehensive investigation will arrive at the principles 
which are to be held in common, and thus will arouse the con- 
sciousness that science is a unity.” 

The Meaning of Social Science outlines a plan of co-operation 
among the various types of specialists in social science. Its 
keynote is the proposition that the main business of social science 
is to be the agent of all men in finding out the meaning of life, 
including in particular the means by which men may most surely 
progress toward the largest realizations of life. 


Source Book for Social Origins: Ethnological Materials, Psy- 
chological Standpoint, Classified and Annotated Bibliographies 
for the Interpretation of Savage Society. By William I. 
Thomas, Associate Professor of Sociology in the University 


of Chicago. 
940 pages, 8vo, full buckram, gold ornamented, sewn on tape; postpaid $4.77 


The work is divided into seven parts: 1. External Environ- 
ment (Anthropogeography and Primitive Economics); 2. Primi- 
tive Mind and Education; 3. Early Marriage; 4. Invention 
and Technology; 5. Art, Ornament, and Decoration; 6. Magic, 
Religion, Ritual, and Ceremonial; 7. Sccial Organization, 
Morality, and the State. The papers forming the body of the 
collection are by eminent modern anthropologists. The bibliog- 
raphies are the chief feature of the book. 


The Nation. The selections are judicious. 
Yale Review. Pre-eminently a labor-saver for the instructor. 
Public Libraries. Should prove of particular value to small libraries. 


Psychological Bulletin. Admirably adapted to orient the beginner and to 
serve as the basis for class-room work in the subject. 


THE UNIVERSITY OF CHICAGO PRESS 


Outlines of Economics. Prepared by Members of the Department of 
Political Economy of the University of Chicago. 


120 pages, interleaved, 12mo, boards; postpaid $1.35 


This inductive course in economics has proved so successful 
in classes at the University of Chicago that a preliminary edi- 
tion is now issued in a form available for use elsewhere. While 
it covers more ground than is usual with a preliminary course, 
it is so logical and at the same time connected so closely with 
the student’s previous knowledge, that the average class should 
have no difficulty in mastering it. The course is arranged as 
follows: (A) Introductory; (B) Economic Wants, Motives, and 
Choices; (C) The Productive Process (Meaning of Production, 
Natural Agents, Labor, Capital, Organization); (D) Exchange 
(Markets, Value, Mechanism of Exchange, International Trade) ; 
(E) The Distributive Process (Rent, Wages, and Trade Unionism, 
Interest, Profits); (F) Public Finance and Taxations (Public 
Expenditure, Public Revenue); (G) Social Reform (The Present 
Order, Remedies, Ideals). 


Bibliography of Economics for 1909: A Cumulation of the Bibli- 
ography appearing in the Journal of Political Economy from 
February, 1909, to January, 1910, Inclusive. Edited by the 
Faculty of the Department of Political Economy of the Univer- 
sity of Chicago. 


296 pages, 8vo, cloth; postpaid $2.69; with the Journal of Political Economy for one 
year, postpaid $4. 25 


The Bibliography covers books in English, French, German, 
and Italian; the government publications of the United States 
and Great Britain; articles in one hundred periodicals; and im- 
portant state and association publications. The subjects covered 
are as follows: Accounting and business methods; agriculture 
and the land problem; colonies and dependencies; combina- 
tions and corporations; commerce and trade; communication; 
economic history; industries; insurance; labor problems; race 
problem; migration and population; money, banking, and credit; 
resources; social economics; socialism, communism, and anarch- 
ism; statistics; stock exchange and investment; taxation, public 
finance, and tariff; theory; transportation; etc. 
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The American Newspaper. By James Edward Rogers. 


228 pages, 16mo, cloth; postpaid $1.10 


Histories of journalism are few, and most of those that we 
have are out of date, for the modern newspaper changes rapidly. 
The newspaper of today is vastly different from that published 
twenty years ago. There are few books dealing with the history 
of journalism in the different countries of Europe, and until 
recently there was none that described the modern growth of 
the press. The story of the modern American newspaper is yet 
to be told; practically nothing has been written of the recent 
wonderful development of the modern press, especially along 
financial and mechanical lines. This is the field of Mr. Rogers’ 
original and illuminating book. 

Philadelphia Ledger. While the work in its conclusions is a cold, dispassion- 
ate survey of the subject, it contains chapters that are aglow with the 
romance of journalism. 


San Francisco Chronicle. A good book. Its first sentence rivets the inter- 
est, which never slackens until the last page is turned. 


The Armenian Awakening. By Leon Arpee. 
240 pages, 12mo, cloth; postpaid $1. 36 


Beginning with the ‘Dark Ages” of Armenian history, the 
author traces the religious struggles of this people from the time 
of the introduction of Christianity into their midst by Gregory 
the Illuminator. 

It is a matter of common knowledge that political forces have 
been a strong factor in the persecution to which this people has 
periodically been subjected. All the sidelights which the con- 
dition of European politics could throw on the situation have 
been employed by the author, and he leaves the reader with a 
clear understanding of the various motives for the frequent out- 
breaks against the Armenians that have aroused the Christian 


world. 
New York Times. A learned and minute history. 
The Interior. The whole story is intensely interesting. 


American Historical Review. A most valuable contribution to the history 
of the Armenians. 
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The Treatment of Nature in English Poetry. By Myra Reynolds, 
Associate Professor of English Literature in the University of 


Chicago. 
410 pages, 8vo, cloth; postpaid $2.70 


No phenomenon in the history of English literature is more 
interesting than the growth of the appreciation of nature by the 
poets. Professor Reynolds has traced this development from 
the times of Dryden and Pope, through a legion of major and 
minor poets, to Thomson, Goldsmith, and Gray, with the pains- 
taking care that distinguished her work in The Poems of Anne 
Countess of Winchilsea. Extremely original and valuable are her 
investigations into the arts parallel to poetry. She treats of 
fiction from Richardson to Mrs. Radcliffe, nature in garden- 
ing, the appreciation for nature manifested in published travels, 
and the attitude of painters toward landscape painting. The 
book is illustrated with copies from the work of contemporary 
artists. 


The Nation. Asa work of reference the book is highly valuable. 


E. E. Hale, Jr., in The Dial. In the field of the history of culture she has 
produced a book that one cannot do without. I know of no other 
place where so much of value in its own field is given, where the course 
of general culture of that day is so well exhibited. 


Elkanah Settle: His Life and Works. By Frank C. Brown. 


190 pages, 8vo, cloth 


This little-known poet, whom Pope sketched in the Dunciad 
(III, 35-42), is here set before the reader as clearly as the present 
state of the sources permits. He was born in 1648 and died in 
1724, and the list of his plays and other writings in verse and 
prose is a considerable one. The book includes a painstaking 
biography, a list of the writings known to be his, a critical dis- 
cussion of his work, and a valuable bibliography. Half-tones 
from old prints, title-pages, etc., add to the attractiveness of the 
volume. Apart from the interest that literary students will feel 
in this raising of an old poet from obscurity, Mr. Brown’s work 
will have permanent value for the sidelight it throws on the life 
of the period. 


a 
& 


THE UNIVERSITY OF CHICAGO PRESS 


English Poems, Selected and Edited with Illustrative and Explana- 
tory Notes and Bibliographies. By Walter C. Bronson, Pro- 
fessor of English Literature, Brown University. 


436, 562, 558, and 636 pages, 12mo, cloth; $1.66 per volume, postpaid. Students’ edi- 
tion $1.15 per volume, postpaid 


This series of four volumes is intended primarily to afford 
college classes in English literature a convenient, inexpensive, 
and scholarly collection of the most important English poetry. 
The selections, so far as possible, are complete poems. The 
notes contain explanations of words and allusions; statements 
by the poet or his friends that throw light on the poem; the 
poet’s theory of poetry; and extracts from contemporary criti- 
cism. The books are supplied with bibliographies, glossaries, and 
indices of authors, titles, and first lines. They are admirably 
suited to the needs of the general reader and the library, and for 
these a “library edition” has been prepared, containing the same 
material but with heavier paper and more ornate binding. The 
series aS now completed takes its place as the best general 
collection of English poetry that has yet been offered at a reason- 
able price. 


The following institutions have adopted one or more of the volumes 
as texts: Harvard University, Yale University, Princeton University, 
Cornell University, Brown University, Dartmouth College, Leland Stan- 
ford. Jr. University, University of California, University of Illinois, Uni- 
versity of Minnesota, Northwestern University, University of Rochester, 
University of Nebraska, University of Texas, Indiana University, Oberlin 
College, University of Washington, West Virgina University, Baylor Univer- 
sity, State College of Washington, University of North Dakota, Univer- 
sity of Alabama, University of Maine, Bucknell University, State Univer- 
sity of Kentucky, Wittenberg College, Hope College, Arkansas College, 
Occidental College, Cornell College, Northwestern College, University of 
Mt. Allison, Kansas Wesleyan University, Eureka College, Ursinius College, 
Burleson College, Grenada College, lowa State Teachers College, Colorado 
College, Southwestern College, Fisk University, Morningside University, 
Whitman College, Randolph-Macon Woman’s College, Lafayette College, 
Howard Payne College, Yankton College, Rutgers College, Fairmont Col- 
lege, Moore’s Hill College, Franklin College, Albany College, Ashland Col- 
lege, Hamilton College, Augsburg Seminary, Marshall College, Cumber- 
land University, Caldwell College, Newcomb College, Hardin College, 
Livingstone College, Meadville Theological Seminary, Albert Lea Woman’s 
College, Lindenwood College, Salem College, Greenville Female College, 
Ward Seminary, Western Kentucky State Normal, State Normal School 
(Warrensburg, Mo.), State Normal School (Kirksville, Mo.), Pennsylvania 
State Normal School, State Normal School (San Diego, Cal.), Farmington 
(Me.) State Normal College, Montana State Normal College. 
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Questions on Shakespeare: A Plan of Study Intended to Develop 
the Student’s Personal Judgment. By Albert H. Tolman, 
Associate Professor of English Literature in the University of 
Chicago. 


Part I, INTRODUCTION: 220 pages, '16mo, cloth; postpaid 81 cents 


Part II, Frrst Histories, PoEMS, AND COMEDIES: 364 pages, 16mo, cloth; 
postpaid $1.09 


The exercises on each play follow a logical order, embracing 
general questions, questions on individual acts‘and scenes, char- 
acter-study, the relation of the play to its sources, and questions 
concerning the text or meaning. Part I is introductory to the 
series. It includes “‘The Study of Shakespeare’s Language,” 
“The Study of Shakespeare’s Verse,” and a select general 
bibliography. Part II contains detailed questions for the study 
of Shakespeare’s four early histories (the three parts of Henry 
VI, and Richard IIT) which deal with the fall of Lancaster and 
the coming of Tudor; the poems; and the first comedies, Love’s 
Labour’s Lost, The Comedy of Errors, The Two Gentlemen of 
Verona, and A Midsummer Night’s Dream. 

Dr. Horace Howard Furness, Editor of the New Variorum Shakespeare. I 
have had time only to look hastily through them, but no haste can 
countervail the manifest and manifold proofs of your unsparing labour 
and thorough scholarship. It is fairly astonishing what a deal of infor- 
mation in all departments of Shakespearian study you have compiled, 


and set forth alluringly—no small consideration where young people 
are concerned—within so small a space. 


Petrarch’s Letters to Classical Authors. A Translation of Selected 
Epistolae with Notes by Mario E. Cosenza, Instructor in the 
Latin Language and Literature in the College of the City of New 
York. 

224 pages, 12mo, cloth; postpaid $1.09 

The reader who wishes to enjoy Petrarch for his own sake 
will find in Professor Cosenza’s translation much of the beauty 
of the original. The translation will be useful also to the stu- 
dent and the literary investigator. The author’s notes at the 
end of every letter are comprehensive and eminently readable, 
comprising a discussion of the merits of each letter, its arrange- 
ment and object, and a valuation of previous translations. The 
book gives a vivid picture of the intellectual world of the Renais- 


sance. 
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CONSTRUCTIVE BIBLE STUDIES 


A series of graded textbooks for religious education in the 
Sunday school, the day school, the home, and organized classes. 


KINDERGARTEN SERIES 


The Sunday Kindergarten: Game, Gift, and Story. By Carrie S. Ferris. 
Teacher's manual, $1.25 net, postpaid $1.40. Permanent equipment 
for each pupil, $1.00 net, postage extra. Temporary material (renewed 
each year) for each pupil, 35 cents net, postage extra. 


ELEMENTARY SERIES 


Child Religion in Song and Story. (TheChild in His World.) By Georgia L. 
Chamberlin and Mary Root Kern. Teacher's manual, $1.25 net, post- 
paid $1.39. Sunday Story Reminders, pupil’s notebook, 40 cents net, 
postpaid 45 cents. 

Child Religion in Song and Story. (Walks with Jesus in His Home Country.) 
By Georgia L. Chamberlin and Mary Root Kern. Teacher's manual, 
$1.25 net, postpaid $1.40.  Pupil’s notebook, 4o cents net, postpaid 
45 cents. 

An Introduction to the Bible for Teachers of Children. By Georgia L. Cham- 
berlin. Teacher's manual, $1.00 net, postpaid $1.10. The Books of the 
Bible, pupil’s notebook, 25 cents net, postpaid 30 cents. Smaller notebook, 
10 cents net, postpaid 12 cents. 

The Life of Jesus. By Herbert W. Gates. Teacher's manual, 75 cents net, 
postpaid 83 cents. Pupil’s notebook, 50 cents net, postpaid 58 cents. 


Paul of Tarsus. By Louise Warren Atkinson. Teacher's manual, $1.00 
net, postpaid $1.10. Pupil’s notebook, 50 cents net, postpaid 59 cents. 
Pupil’s home-work book, 25 cents net, postpaid 28 cents. 


Heroes of Israel. By Theodore G. Soares. Pupil’s textbook, $1.00 net, post- 
paid $1.13. Teacher's manual, $1.00 net, postage extra. 


SECONDARY SERIES 


The Gospel of Mark. By Ernest D. Burton. Pupil’s textbook, $1.00 net, 
postpaid $1.12. 

Studies in the First Book of Samuel. By Herbert L. Willett. Pupil’s text- 
book, $1.00 net, postpaid $1.13. 

The Life of Christ. By Isaac B. Burgess. Pupil’s textbook, $1.00 net, 
postpaid $1.12. Pupil’s notebook, 25 cents net, postage extra. 

The Hebrew Prophets, or Patriots and Leaders of Israel. By Georgia Louise 
Chamberlin. Pupil’s textbook, $1.00 net, postpaid $1.12. Teacher's 
manual (in preparation). 
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ADULT SERIES 


The Life of Christ. By Ernest D. Burton and Shailer Mathews. $1.00 net, 
postpaid $1.14. 

A Short History of Christianity in the Apostolic Age. By George H. Gilbert. 
$1.00 net, postpaid $1.12. 

The Prophetic Element in the Old Testament. By William R. Harper. $1.00 
net, postpaid $1.10. 


The Priestly Element in the Old Testament. By William R. Harper. $1.00 
net, postpaid $1.12. 

Christianity and Its Bible. By Henry F.Waring. $1.00 net, postpaid $1.12. 

A Short Introduction to the Gospels. By Ernest D. Burton, $1.00 net, 
postpaid $1.07. 

A Handbook of the Life of the Apostle Paul. By Ernest D. Burton. 50 cents 
net, postpaid 54 cents. 

Social Duties. By Charles Richmond Henderson. $1.25 net, postpaid $1. 37. 


Great Men of the Christian Church. By Williston Walker. $1.25 net, 
postpaid $1. 37. 


AMERICAN INSTITUTE OF SACRED LITERATURE 
OUTLINE STUDIES 


The Life of the Christ. By Ernest D. Burton. 50 cents net, postpaid 54 cents. 


The Foreshadowings of the Christ. By William R. Harper. 50 cents net, 
postpaid 54 cents. 


The Founding of the Christian Church. By Ernest D. Burton. 50 cents net, 
postpaid 54 cents. 

The Work of the Old Testament Sages. By William R. Harper. 50 cents net, 
postpaid 54 cents. 

The Work of the Old Testament Priests. By William R. Harper. 50 cents 
net, postpaid 54 cents. 

The Social and Ethical Teachings of Jesus. By Shailer Mathews. 50 cents 
net, postpaid 54 cents. 

The Universal Element in the Psalter. By John M. P. Smith and Georgia L. 
Chamberlin. 50 cents net, postpaid 53 cents. 

The Book of Job, or the Problem of Human Suffering. By William R. Harper. 
25 cents net, postpaid 27 cents. 

Four Letters of Paul. By Ernest D. Burton. 25 cents net, postpaid 27 cents. 

The Origin and Religious Teaching of the Old Testament Books. By Georgia 
L. Chamberlin. 50 cents net, postpaid 54 cents. 
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The Child and His Religion. By George E. Dawson, of the 
Hartford School of Religious Pedagogy. 


130 pages, 16mo, cloth; postpaid 82 cents 


The aim of the book is to suggest the principal elements in 
the child’s religious nature and training. ‘The first chapter treats 
of interest as the fundamental dynamic factor in life and growth. 
The second chapter considers the child’s natural religious reac- 
tions to its environing world as modes of such interest. The 
third chapter gives the results of an inductive study of children’s 
interest in the Bible. And the fourth chapter applies the prin- 
ciples thus brought to light to the general problem of religious 
education. 

Journal of Education. Here is a realm of deepest interest and full of the 
greatest surprises. What the child thinks religiously has attracted many 
an able writer, and has given many a mother food for thought. Our 
author gives us in this little work some excellent material about the 
little people’s religious concepts. Out of the strangeness of many of 
their sayings, and especially their queries, the author guides us to the 
great principles involved in them, although unknown to the child mind 
at the time. It will prove itself a worthy book for anyone to read 
who has anything to do with the religious training of children. It is 
as reverent as it is suggestive. 


Ezra Studies. By Charles C. Torrey, Professor of Semitic Lan- 
guages in Yale University. 


340 pages, 8vo, cloth; postpaid $1.69 


Of all the apocalyptic and apocryphal writings that are traced 
to Palestinian Jewish sources none has had so important a bearing 
on the science of Old Testament literature as First Esdras. 
The author has perceived that a thorough revision of the existing 
notions of the history of the Jewish people in the Persian period 
is inevitable, and each chapter of his book is constructive. 

The Biblical World. No scholar hereafter can do any creditable work 


upon Chronicles, Ezra, and Nehemiah, without taking full account of 
the labors of Professor Torrey. 

The Nation. His scholarly investigations offer a noteworthy contribu- 
tion to our knowledge of Jewish life in the period under discussion 
and to the criticism of a considerable part of the later Old Testament 
writings. 
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First-Year Mathematics for Secondary Schools. Second-Year 
Mathematics for Secondary Schools. By George William 
Myers, Professor of the Teaching of Mathematics and Astron- 
omy in the College of Education of the University of Chicago, 
Assisted by the Instructors in Mathematics in the University 
High School. 


First-Year, 378 pages, 12mo, cloth; postpaid $1.13 
Second-Year, 290 pages, 12mo, cloth; postpaid $1.63 


The two texts cover the essentials of what is commonly 
required of all pupils in the first two years of secondary schools 
in this country, and include, in addition, the elementary notions 
of plane trigonometry through the solution of right triangles, 
as well as an introduction to some topics of formal algebra not 
usually treated in secondary texts. Second-Year Mathematics 
lays chief emphasis on geometry, as First-Year Mathematics 
does on algebra. Professor Myers began the preparation of his 
books in the conviction that the divisions of mathematics in 
secondary schools were largely artificial and ineffectual in con- 
necting the subject with the student’s experience. He aimed to 
make the work of the first high-school year connect smoothly 
and logically with eighth-grade work through both mensuration 
and general number, rather than with one of these subjects in 
the first year and the other in the second year. The first book 
is an outgrowth of these two arithmetical topics, developing 
algebra through quadratics and introducing considerable pre- 
liminary work in geometry before the close of the year. 

The new book, Second-Year Mathematics, begins with 
constructive and inductive geometry and passes rapidly to 
demonstrative geometry. It is the author’s belief that by the 
employment of algebraic notation and by the continued applica: 
tion of the equation to geometrical matters, the hold on algebra 
is kept firm until the opportunity arises to develop with profit 
other algebraic topics, such as the completion of methods of 
solution of the quadratic equation, a discussion of the roots, and 
the use of inequalities in the solution of indeterminate equations. 
Plane geometry is fully covered. The first book may be styled 
algebra with associated arithmetic and geometry; the second, 
geometry with associated algebra and trigonometry. 

The Nation. Teachers generally should study the books and prepare for 


the change of method of presenting mathematics which seems likely 
to be tried in the near future. 
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Morphology of Gymnosperms. By John M. Coulter, Professor 
of Botany, and Charles J. Chamberlain, Assistant Professor 
of Botany in the University of Chicago. 


470° pages, 462 illustrations, 8vo, cloth; postpaid $4.22 


This work is a revised and enlarged edition of the book 
brought out by Professors Coulter and Chamberlain in 1gor. 

Each of the seven great groups is here presented in detail, 
and a final chapter discusses the problem of phylogeny and points 
out the evolutionary tendencies. The extinct groups, notably 
the primitive “‘seed-ferns,” are now included for the first time; 
and vascular anatomy is fully recognized as a morphological 
subject of first importance. The entire presentation is thoroughly 
and systematically organized and arranged with a view to the 
greatest possible clearness. The illustrations are numerous and 


in large part original. 


Outlines of Geologic History with Especial Reference to North 
America: A Series of Essays Involving a Discussion of Geo- 
logic Correlation, Originally Presented before Section E of the 
American Association of Science. Symposium Organized by 
Bailey Willis, Professorial Lecturer on Geology in the Uni- 
versity of Chicago. Compilation Edited by Rollin D. Salis- 
bury, Professor of Geographic Geology in the University of 
Chicago. 

316 pages, 8vo, cloth; postpaid $1.66 


The series as a whole represents the successful execution of 
the plan on which all the monographs were based—namely, to 
formulate the principles of correlation as applied to the forma- 
tions of the various geologic periods. The evolution of floras 
and faunas has been traced with especial attention to environ- 
ment and correlation. As originally presented, the papers excited 
much interest and discussion. They embody the present state 
of knowledge and opinion concerning many of the fundamental 
problems of North American geology, and form an admirable 
supplement to earlier treatises and manuals. 
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WINSOR @ NEWTON, 
HANDBOOKS ON THE FINE ARTS 


Per doz., $3.00. Each, 25 cents; postpaid, 30 cents 


NO, 
2. Rowbotham’s Art of Sketching from Nature. 
3. Rowbotham’s Art of Landscape Painting in 
Water 

4. Penley’ stem of Water Color Painting. 

5. —— ‘hack’ s Art of Marine Painting in Water 
ors. 

6. pegs ie s Hints for Sketching in Water Colors 
m N 

1. Merino’ 8 s Art of Portrait Painting in Water 
ors 

8. Day's Art of Miniature Painting. 

4 i — eld’s Art of Flower Painting in Water 


Co 

10. Williams’ Art of Landsca 
Colors with Instructions 

. Composition of Tints. 
2. Carmichael’s Art of Marine Painting 
Colors. 

3. Penley’ s Elements of Perspective. 

5. Laing’s Manual of Illumination. 

6. Laing’s Companion to Manual of Illumination. 

7. Weigall’s Art of Figure Dra 


19. eens Artistic Anatomy of the Human 


21. Hewkin’ s Anatom 
23. Murray’s Art of 
Crayons 
27. Martel’s Principles of Coloring in 
30. Mogford’s Instructions for Cleaning, 
ing, Lining, an 
a chapter on  Vecuishing. 


of the Horse. 


Painting in Oil 
or the Mixing and 


Murray’s Art of Portrait Painting in Oil o-,. 


rawing in Colored Pastel 


pair- 
toring Oil Paintings: with 


33. Robertson’s Art of Etching on Copper. 

34. Robertson’s Art of Painting on a, with a 
Chapter on Terra Cotta Painting in Oil and 
Water Colors. 

36. Wallis’ Water Color Sketcher’s Manual, con- 
taining Dictionary of Mixed Tints and Combi- 
nations of Water Colors for all subjects in 
Landscape Painting. 

37. Muckley’s Flower Painting in Oil Colors (with 
Colored | Illustrations). 

39. Muckley’s Fruit and Still Life Painting in Oil 
and Water Colors (with Colored Illustrations). 

40. Robertson's Pen-and-Ink Drawing. 

41. Delamotte’s Trees and How to Draw Them. 

42. Davis on the Interior Decoration of Dwelling 
Houses (with [llustrations of Colors suitable 
for Rooms). 

43. Taylor's Description of Modern Water Color 
Pigments, Illustrated with Washes of Seventy- 


two Colors, Graduated by hand on Whatman’'s 
Drawing Paper. 
Com, including 
Painting on Mirrors. 
45. Cartlidge’s Oil Paint for  — 
tion (with Col. 
ored Illustrations). 
46. P. E. Bodington. The Dra Book or Free 
47. Macbeth Raeburn’s. The Sketcher’s Oil Colors 
Manual (Oil Color Technique). 


WINSOR & NEWTON 


Sold by all Booksellers and Artists’ Colormen 11 


44. Gullick’s Oil on 
dows, e 
Manual of Elementary 
Hand Self Taught( with Practical Illustrations). 
New York Office: 298 Broadway 


Fifty-six 
Volumes 
Issued 


THE MUSICIANS 
LIBRARY 


The masterpieces of Song and Piano Music, 
in a Series of Splendid Volumes, Edited with 
Authority, and Engraved, Printed, and Bound 
with Surpassing Excellence. 


PRICES 


Each Volume in heavy paper, cloth back $1.50 
In full cloth gilt . 2.50 


Prices include neeiatidens, Booklets giving 
full particulars, special features, and complete 
list of Volumes published, free on request. 


Write for Special Prices to Pub- 
lic, School, and College Libraries 


OLIVER DITSON CO., Boston 
CHAS. H. DITSON & CO., New York 


J. E. DITSON & CO., Philadelphia 


The Very Latest 


THE ONLY HISTORICAL WORK 
BROUGHT DOWN TO 1910 


A NEW SEVEN VOLUME EDITION 
OF THE STANDARD 


LARNED’S HISTORY FOR 
READY REFERENCE 


fs now ready. Gleaning in every field and department of 
History, political, social, economic, religious, educational, 
from great historians and special students, quoting 
exactly from more then 2000 writers, on more than 23,000 


subjects, alphabetically and chronologically arranged, 
with an interwoven index, Mr. Larned has compiled a 
work that is unique in kind and quality, as itisin interest 
and usefulness. Complete texts of national Constitutions 
and of over 200 great basic documents of history, with 
many historical maps, are features of important — 
Hundreds of eminent Statesmen, Jurists, Divines, Teach 
ers and others have volunteered warm words in praise of 
the work. 

The new volume gives latest and full information of 
all the great movements of the day, concerning Trusts, 
Railway Regulation, Tariff and Currency Reform, Muni- 
cipal Reform, Labor Movements, Peace Movements, 
Conservation, etc. 


AGENTS WANTED 


Write for specimen pages, prices and terms to 


C. A. NICHOLS Publishers 


SPRINGFIELD, MASS. 
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Light Waves 
and Their Uses 


By Albert A. Michelson 


1. Wave Motion and Interference. 5. Light Waves as Standards of Length. 
2. Comparison of the Efficiency ofthe Micro. 6. Analysis of the Action of Magnetism on 
scope, Telescope, and Interferometer. Light Waves by the Interferometer and 
3. Application of Interference Methods to the Echelon. 
Measurements of Distancesand Angles. 9. Application of Interference Methods to 
Application of Interference Methods to Astronomy. 
Spectroscopy. 8. The Ether. 


With 108 text figures and three full-page lithographs. 


Numerous practical applications of recent theories in optics together with accurate 
illustrations and descriptions of apparatus add materially to the value of this book. 
Students of physics and astronomy will find here an admirable condensation of the some- 
what scattered literature of the subject, presented in an original and entertaining manner. 


Price $1.50 net; $1.63 postpaid. 


The University of Chicago Press 


Chicago, Illinois 


— A Contribution to the 
3: oF BOTANY Theory of Glacial 
Motion 
Methods in Plant Histology |] 


Head Professor of Geology in The University of Chicago 


By CHARLES J. CHAMBERLAIN, PH.D. 


of the Department of Botany in the SHORT treatise in which are 
icago ¢ 
siensnitinne discussed (1) the growth and 
HIS BOOK contains directions for collecting and preparin 
plant material for microscopic investigation. It is base constitution of a glacier; ( 2) the ar- 
let to be published on this subject. d . 
to eunes tes Goqueeenents. ad only of the student who has the rangement of the cry stalline axes; 
i f the student who st work by himself and with limitec s . ( 
sectioning, the paraffin ( 3 J gl acial te m pe ratures 4 ) t 
din method, and the glycerin method are treated in considerable = 
detail. in later chapters specific directions are given for making probable fundamental element in 
such preparations as are by who wish 
lant kingd from the algae up to the flowering plants. For- 
A on yr no tev the soagents commonly used in the histologi- glacial motion; ( 5 ) auxiliary ele 
cal laboratory. b h 
The new edition includes a description of Klebs’s methods for ments; (6) corroborative Pp enomena. 
securing reproductive phases in the algae and fungi, and chap- i : 
ters on the Venetian turpentine method, microchemical tests, There are appended a bibliography 
free-hand sections, special methods, and the use of the micro- 


i d fi ° 
scope. The volume is thus enlarged from 168 to 272 pages. and twelve half-tone illustrations. 


$2.25 net: $2.39 postpaid 


THE UNIVERSITY OF CHICAGO 
PRESS The University of Chicago Press 


Chicago, Illinois 


19 pp., 4to, paper, net,50c.; postpaid, 53c. 


IT 


By ELIZABETH 8S. N. WATROUS $1.50 


HE title is one to attract attention. Jean, the 

daughter of a primitive family in the back- 
woods of the Adirondack Mountains, has aspira- 
tions far beyond her surroundings. Six weeks of 
schooling she has a year, and four miles a day to 
walk to the schoolhouse. As she grew older and 
had opportunity to see a few magazines and 
papers (used as wrapping-paper from the mine 
store) she had many visions of the world outside 
her narrow horizon. But read the story yourself 
to see Jean Cummings’ endeavor to be as other 
girls in the outside world. 


The Man From Mars 


or Service for Service’s Sake 
By HENRY W. DOWDING $1.50 


HE hero of this remarkable story is a General 

Moraine, who, having spent many years in 
Paris and other poses of Europe, claims to have 
visited Mars, obtaining authentic information 
and data relating to the civilization on that 
planet. Chapter by chapter he narrates his jour- 
ney to Mars, tells in detail of his experiences up- 
on that wonderful planet—depicting a civilization 


LANTERN 
SLIDES 


AT HALF PRICE AND LESS 
A MOST UNUSUAL OFFER 

We have purchased from the Estate of 
Henry T. Coates, the noted publisher, his 
entire collection of lantern slides. 

The Greatest Private Collection 

in this country, containing thousands of rare 
and beautiful subjects obtained by Mr. Coates 
in his extensive travels and covering scenes in 
England, Ireland, Scotland, the Holy Land, 
Europe and America, also slides of Art, H:s- 
tory, Religion, etc. This wonderful collec 
tion we have classified and are offering at 
prices never before approached. 

Write promp ly for Sales List 10 HC of 
these slides, and also for lists of our New In- 


younger than our own, but vastly superior; de- 
scribing the social, political, religious, and educa- 
tional customs of the planet, and disclosing the 
secret of its greatness. 


tenso Electric Lamp, which runs noiselessly 
on any current, requires no rheostat or car- 
bons, also the new Alco-Radiant Lamp, in 
tensely brilliant, for use where electricity is 
not avai'able. We make 50 styles of Magic 
Lanterns and Post Card Projectors and have 
50,000 Lantern Slides for sale or rent. 


WILLIAMS, BROWN & EARLE, Inc. to 
Dept. 25 918 Chestnut St., Philadelphia, Pa. 


Special Consideration Given te Authors’ MSS. 


Cochrane Publishing Company 
New York 
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Tribune Building 


ECLIPSE DIRECT CURRENT 


W E S T O SWITCHBOARD 


Ammeters, Milli-Ammeters and Voltmeters 


are of the “soft iron” or electro-magnetic type; but they possess so many novel and 
valuable characteristics as to practically constitute a new type of instrument, They are 
exceedingly cheap, but are remarkably accurate and well made. and nicely finished in- 
struments, and are admirably adapted for general use in small plants, where cost is fre- 
quently an important consideration. 

Correspondence concerning these Weston instruments ts solicited by 


WESTON ELECTRICAL INSTRUMENT COMPANY, 
New Youk Orrice: 114 Liberty St Waverly Park, Newark, N. J., U.S. A. 
Saw Frawctsco 682-684 Mission St, Paris, France: E. H. Cadiot, 12 Rue St. Georges 
Loxpow Brancn: Audrey House, Ely Place, Holborn Beau: Weston Instrument Co., Ltd., Schone- 
berg, Geneststr, 5. 3 


The Botanical Gazette 


The Edited by Thomas C. Chamberlin. Published 
semi-quarterly, with illustrations. Subscrip- = 
Fdited by John M. Coulter 
Journal tion price, $3.00 a year; single copies, 50 Publis monthly, with illustrations. Subscription 


cents ; foreign postage. 53 cents 


of THE UNIVERSITY OF CHIGAGO PRESS 
CHICAGO. ILLINOIS 


price, $7.00 a year; single copies, 75 cents; foreign 
postage, 84 cents 


THE UNIVERSITY OF GHICAGO PRESS 
GHICAGO, ILLINOIS 


ONE OF OUR BOOK BARGAINS 5 

Chambers’ Cyclopzedia of English Literature 13 
Last Revised Edition, 3 Large 8vo Volumes, Half S 
Leather. Publishers’ Price $18.00. Our Special 
Price $9 00. Express Paid. 


THE H. R. HUNTTING COMPANY 
Springfield, Mass. 12 


THE ASTROPHYSICAL JOURNAL 


Issued monthly except February and August. $5.00a year; 
single copies, 65 cents, Foreign postage, 62 cents. 


Che University of Chicago 


CHICAGO, ILLINOIS 
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MOFFAT, YARD 
& COMPANY 


New Books of Real Worth 


LIFE AND LETTERS OF 


EDMUND CLARENCE STEDMAN 


By LAURA STEDMAN and GEORGE M. GOULD 


Large 8vo. Two volumes. 


16 tllustrations. 


$7.50 net. By express, $8.00 


“A posthumous autobiography,” is what Colonel William C. Church calls this remarkable work, 
adding, “in this book Stedman speaks to his friends again.” 
Miss Stedman herself, who was her grandfather’s literary assistant for years, calls the book “an 


autobiographic biography.” 
This work unquestionably is the finest piece of 


BRITTANY AND 
THE BRETONS 
By 
GEORGE WHARTON EDWARDS 


Superbly illustrated in color and 
halftone by the author 


7%x10% inches. $6.00 net. 
By express, $6.40 


This distinguished travel book 
is designed to be a companion 
to the author's ‘‘ Holland of To- 
day,"’ last autumn’s splendid 
success, 


The text is full, authoritative, 
and absorbingly interesting, 
while Mr. Edwards’ many draw- 
ings and paintings are dis- 
tinguished and unique. 


American biography in recent years. 


SHAKESPEARE’S 
ENGLAND 


By 
WILLIAM WINTER 


New, Enlarged, Revised, Defini- 
tive Edition. Superbly 
illustrated 


$7.00 net. By mail, $3.30 

‘*These volumes about Eng- 
land,’” wrote Thomas Bailey 
Aldrich of the original edition, 
‘‘are the loveliest things that 
have ever been done.”’ 

‘‘Here is England in a drop 
of honey,’ wrote George Wil- 
liam Curtis. 

The new edition is in large 
part rewritten and brought 
absolutely to date. 


THE HOUSE OF “MR. SNAITH'S MOST 
BONDAGE MRS. 
f2mo. $1.35 net. 


WRIGHT KAUFFMAN 


$7.35 net. By mail, $1.47 away his best novel. 


‘*Terrible in its realism."’ 
—FPortland Oregonian. 
‘‘The novel is artistically, 
cleanly and beautifully writ- 
ten."’"—Hartford Courant. 


ter and buzzing talk. 


By J. C. SNAITH 


This is the author's best novel—far and 
This novel will fill the country with laugh- 


your friends will presently tell you so. 

It is a novel of present-day life in England, 
and is remarkable for its wonderful charac- 
terization and lively story. 


WHIMSICAL 


FITZ 


NOVEL" 


FREEBOOTERS 


OF THE 
WILDERNESS 


3 il, $7.47 
By AGNEs C. LauT 


$7.35 net. By mail, $1.47 
A powerful novel of the North- 
west of today by the author of 
“Lords of the North.”’ It is a 
moving picture of amazing con- 
ditions built around a stirring 
story of vivid characterization. 


It is worth while, and 


COMMON SENSE IN POLITICS 


By Jos E, HEpGEs 
ramo, $1.25 net, By mati, $1.37 
‘*The author has thought seriously, soberly and honestly 
about many of the aspects of contemporary political life in 
America. We commend the book to our fellow citizens.”’— 
New York Sun. 


The CHURCH and the INDIVIDUAL 


By Frank ILsLey PARADISE 


t2mo, $1.50 net. By mail, $1.05 


An interpretation of the Church as a social institution in a 
new order of things, and of the relation of the individual as a 
social being to the Church. 


THE INFINITE PRESENCE 


By Greorce M. Goutp 
$1.50 net. By mail, $1.65 
“Each problem is clearly and concisely outlined and the 
arguments which wil] reconcile faith and religious feeling 
with the new sciences are logically stated,”— United Pres- 
byterian, 


By GERALD LeiGcuton, M.D., F.R.S. 
Jamo, $1.25 net. By mail, $1.37 
Showing that the example of Christ is a nye | quite sepa- 
rate from the Church, the writer demonstrates the possibility 
of working out the Greater Life through the law of evolu- 
tion. 


MOFFAT, YARD @ COMPANY 


NEW YORK 
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Nervousness 


The use of Horsford’s Acid Phos- 
phate has been found exceedingly 
valuable in nervous disorders, 
restoring energy, increasing 
mental and physical endurance, 
and as a general tonic. 

Excellent results have also fol- 
lowed its use in the treatment of 
headache arising from derange- 
ment of the digestive organs or 
of the nervous system. 


HORSFORD’S 
Acid Phosphate. 


(Non-Alcoholic.) 


If your druggist can’t supply you send 25 cents 
to Rumroro CHemicaL Works, Providence, R. 
for trial size bottle, postage paid. 


The Typewriter That’s Ten Years 
Ahead Is the Typewriter for You. 


THE L. C. SMITH & BROS. TYPEWRITER 


With Ball Bearings throughout and all the 

writing always in sight, measures up at every 

point to the highest scale of modern needs, 
Better work and more of it, greater efficiency 
through and through, the L. C. Smith & Bros. 
Typewriter is the writing machine for you. Send 
for the Book today. 


L. C. SMITH & BROS. TYPEWRITER CO. 
Syracuse, N. Y., U.S.A. 


Intending purchasers 
of a strictly first- 


class Piano 
sh ould 
not fail 
toexam- 


ine the 


merits 
of 
THE WORLD RENOWNED 


SOHMER 


It is the special favorite of the refined and 
cultured musical public on account of its unsur- 
passed tone-quality, unequaled durability, ele- 
gance of design and finish. Catalogue mailed 
on application. 

THE SOHMER-CECILIAN INSIDE PLAYER 
SURPASSES ALL OTHERS 
Favorable Terms to Responsible Parties 


SOHMER & COMPANY 


315 5th Ave., Cor. 32d St. NEW YORF 
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MANUAL| 
OF STYLE 


BEING A COMPILATION OF THE TYPOGRAPHI- 
CAL RULES IN FORCE AT THE UNIVERSITY 
OF CHICAGO PRESS; TO WHICH ARE 
APPENDED SPECIMENS OF TYPES IN USE 


NEW EDITION, 1910 

256 pages, 12mo, paper 

Net 75 cents, postpaid 82 cents 
NE of the most comprehensive works 
on typographical style ever pub- 
lished. Though primarily intended for 
q To do your best work in local use, it is believed to possess ~ 


ments of usefulness for wider circles. 


teaching, to get the best results, is recommended to publishers, writers, 


proofreaders, printers, and others inter- 
you need the inspiration and |] ested in typography. 


help of illustrative matter. 


ADDRESS DEPT. P 
The University of Chicago Press 


Bausch & Lomb CHICAGO, ILLINOIS 
Combined Opaque 


and Transparent 
Preserve Your] | 


enables the use of the widest Magazines 
possible range of material, pro- 
viding for the projection of 
both lantern slides and opaque 


Have them bound in Cloth 
or Leather. It will improve 


objects interchangeably, in the 

simplest and easiest manner. Library at a small expendi- 
Q Descriptive Circular 7D on ture. The University of 

request. Chicago Press has a well- 

equipped job bindery and 

Our Name on a Photographic Lens, will be pleased to quote 


MKS» Microscope, Field Glass, Laboratory A 

ass, ratory Ap- 

WH paratus, Engineering or any other Scien- prices + + ~ + + 
tific Instrument is our Guarantee. 


Bausch & lomb Optical ©. The University of Chicago Press 


WASHINCTON CHICAGO SAN FRANCISCE 


LONDON i 
ROCHESTER. NY. TRANKroRT Mfg. Dept. Bindery Chicago 
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FINE INKS ADHESIVES 
For those who KNOW 


Drawing Inks 
Eternal Writing Ink 
Engrossing Ink 
Taurine Muci 

Photo Mounter ite 
Board Paste 
Liquid Paste 


Paste 
Vegetable Glue, Etc. 
Are the Finest and Best Inks and Adhesives 


Emancipate yourself from the use of corrosive and 
ill-smelling inks and adhesives and adopt the Hig- 
gins Inks and Adhesives. They will be a 
revelation to you. they are so sweet, clean, well 
put up, and withal so efficient, 


At Dealers Generally. 


CHAS. M. HIGGINS & CO., Mfrs. 
Branches: Chicago, London 


271 Ninth Street. Brooklyn, N. ¥. 


When an operator tells you that 
she uses the 


Remington 


she stands up a little straighter. 


She knows as well as you do 
that her choice of the Recognized 
Leader among Typewriters is a 
fine recommendation--one which 
raises her in your estimation. 
Remington Typewriter Company 

(Incorporated) 
New York and Everywhere 


A 
Short History 
of Wales 


OWEN EDWARDS 
Lecturer on Modern History at Lincoln 
College, Author of ‘‘The Story 
of Wales,”’ etc. 


This book, by one of the most distinguished 
of living Welsh scholars, will supply a long felt 
want. It aims at giving the general reader a 
simple and intelligible outline of the history of 
Wales, and requires no knowledge of either 
Latin or Welsh for its comprehension. It starts 
with prehistoric times and goes down to the 
present day. While each chapter is complete in 
itself, the general plan is symmetrical and easy 
to see. The book is fully equipped with sum- 
maries, pedigrees, and maps. 


162 pages, 12mo, cloth, net 75 cents, 
postpaid 83 cents 


ADDREss Dept. P 
The University of Chicago Press 
Chicago, Illinois 


The Place of Industries 
in Elementary Education 


By KATHARINE ELIZABETH DOPP 


. . We can only wish that this book 
may have the wide-reaching influence 
that it deserves.— Zhe Nation. 


270 pp., illustrated, net, $1.00; postpaid, $1.11 


Address Dept. P 


The University of Chicago Press 
Chicago, Llinois 


75,000, 000 WASHBURNE’S PAT. 


There is genuine pleasure in 
their use as well as Perfect Se- 
curity. ily put on or taken 
off with the thumb and finger. 
Can be used repeatedly and 

“they always work.”’ Made 
of brass in 3 sizes. Put up im brass boxes of 100 Fasteners each. 
HANDSOME COMPACT STRONG No Shpping, NEVER! 
Note our trademark “‘O. K.”’ stamped on every fastener. 
All tationers. Send 10 for sample box of 50, assorte~. 
Illustrated booklet free. Libera/ discount to the trade. 


The O. K. Mfg. Co., Syracuse. N. Y., U. S. A. ‘Nois 
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By 
U.K 
* FASTENERS 
x SOLD the past YEAR 
should convince YOU of their 


RE ARE TWO REASONS 


Why we send our Daus Improved Tip Top 
Duplicator on 10 days’ trial 

FIRST—It proves OUR confidence in the machine. 

SECOND—By personal use, YOU can positively tell, before buy- 

ing, whether it meets your requirements. 

Each machine contains 16 feet of duplicating surface, which can 

be used over and over again. Five different colors can be duplicated 

at the same time. Cleanliness, and simplicity of operation, and 

legibility of copies unequaled by any other duplicating process. 
100 COPIES FROM PENWRITTEN AND 

50 COPIES FROM TYPEWRITTEN ORIGINAL 


Complete Duplicator. Cap Size (prints 83x13 
in.). Price $7.50, less special discount of 
334%, net. 
R Take advantage of our trial offer 

FELIX E. DAUS DUPLICATOR COMPANY, DAUS BUILDING, 111 JOHN STREET, NEW YORK 12 


‘The Perry Pictures 


Reproductions of the World’s Great Paintings 
Suitable for all ages te 


ONE CENT 3 


each for 25 or more. 


ITALIAN BOOKS 


of every description 


ITALIAN BOOK COMPANY 
520 BROADWAY 
SUCCESSOR TO 
FRANCESCO TOCCI 
NEW YORK 
Works of: Barrili, Butti, Caccianiga, Capra- 
nica, Capuana, Carducci, Castelnuovo, Cor- 
delia, D’Annunzio, De Amicis, De Marchi, 
Farina, Fogazzaro, Giacosa, Neera, Negri, 
Praga, Rovetta, Serao, and other leading 
writers, always on hand. 
Catalogue mailed on application. 
BRANCH 147 MULBERY 


Size 5%x8. (6 to ro times 
the size of this picture.) Send 
25c. for 25 art subjects, 

Send 3 two-cent stamps for 
Catalogue of 1000 miniature 
illustrations, 2 pictures and a 
colored Bird Picture, 


The Perry Pictures Co. 
10 Box 501 Malden, Mass. 


St. Louis, r501 Wright Bldg. 
. Boston, 736 Old South Bldg. 
New York, 24 Whitehall St. | 


Che Journal of Political Economy 


Edited by the Faculty ef Political Economy of the 
University of Chicago. Pwblished monthly, except in 
August and September. Subscription , $3.00 a 
year; single copies, 35 cents; foreign postage, 4s cents 


FREIGHT FORWARDING CO. 
Reduced rates on household goods to all 
Western points. 

Chicago, 443 Marquette Bldg. 


Philadelphia, Drexel Bldg. 
Los Angeles, 516 Central Bldg. 


San Francisco, 217 Front -. The University of Chicago Press CHICAGO 


PROJECTION APPARATUS 


VISUAL INSTRUCTION 


VIEWS_CLASSIFIED FOR ALL BRANCHES 
OF STUDY 


OUR SPECIALTY FOR MANY YEARS 


Catalogue ‘“‘A” Instruments of Projection, 48 pages _ 
Catalogue ‘*B” Places of World-renowned Interest, Miscel- 
laneous, Historical, etc., 200 pages 


Established 1783 


Catalogue “C”’ American History, Portraits, etc., 32 pages 


ANY OF THE ABOVE SENT FREE TO TEACHERS 


McALLISTER MFG. OPTICIANS, Dep’t 17, No. 49 Nassau St,, New York 


Catalogue ‘‘D”’ Physical Geography 24 pages 
Catalogue ‘‘E*’ Commercial Geography, 32 pages 
Catalogue ‘*F’’ Works of the Old Masters, 32 pages 
Catalogue ‘*H’’ Science and Architecture, 32 pages 


None Genuine Without This Signature. 


Get the Originator’s Signed Product 
and Avoid Disappointment. 


The Inventor’s Signature that stands for perfection in 


HADE ROLLERS 


years the Hartshorn Shade Roller has kept in the lead of all imitations, 
because of original merit and every possible improvement. Latest model re- 
quires no tacks. 


Wood or Tin Rollers. Dependable, lasting springs. 
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Candies, Cocoa 
and Chocolates 


are acknowledged the 
best the world over. 


“4 Only the highest grades 

a of materials, tested by our 
chemists, are allowed to 
enter into the same, and 
the blending is supervised 
by experts. 


What with careful workmanship, as well 
as scrupulous cleanliness in our Plant 
it is not surprising that 
Her First Choice, Her Last Choice, and 
Her Choice at all times 


Is the Unequalled . 
Matchless 


ing of all pens, 
and there's: a 


The Esterbrook Steel Pen Mfg. 
26 John Street, New York. 


Ohe 
University of Chicago Press 


AGENCIES 

HE UNIVERSITY OF CHICAGO PRESS WILL HEREAFTER BE 

REPRESENTED IN NEW YORK CITY BY THE BAKER & 

TAYLOR CO., 33 EAST SEVENTEENTH STREET. DEALERS 
AND CUSTOMERS EAST OF BUFFALO AND PITTSBURGH WILL 
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The WEST 


F YOU are contemplating a trip to congenial climes 
this winter, our program of pleasure cruises will 
offer excellent suggestions. An extensive range of 

choice is offered in our various cruises, arranged with 
due regard to your inclination, time and purse. 

Our well-known cruises to the West Indies will be 
repeated this year by the S.S. Moltke—12,500 tons— 
the largest and finest steamship going to the Caribbean, 
specially built for service in the tropics and superbly 
equipped for safety and comfort. The Moltke will 
leave New York 


January 24, 1911, for a cruise of 28 days’ duration, visiting all the principal 
places of interest in the West Indies, Panama, Venezuela, Spanish 


Main, etc. This cruise will be repeated on i] | 
February 25, 1911, under the same conditions. The cost of each trip will 

be from $150 up. 
On March 28, 1911, the Moltke will make a cruise of 16 days’ duration, 

visiting Havana, San Juan, St. Thomas and Bermuda. Cost from $85 up. et 


SOUTH AMERICAN CRUISE by the S.S. Bluecher, 12,500 tons, leaves New York, 
January 21, 1911. A splendid trip of 74 days—along the East Coast 
as far as the Straits of Magellan and up the Pacific Coast to Valparaiso j 
—Trip across the Andes— Visits to the wonderful cities of Rio Janeiro, f 
Buenos Aires, Montevideo, Santiago, etc., etc. Cost from $325 up. 

ORIENT CRUISE by the 17,000 ton S. S. Cleveland leaves New York, January 28, 
1911, for the Mediterranean, Egypt, Holy Land, etc. Duration 
80 days. Cost $325 up. 

TWO ROUND THE WORLD CRUISES by the S. S. Cleveland. From New York 
November 1, 1911; from San Francisco February 17, 1912. Duration of each 
cruise 110 days. Cost $650 upwards, including all necessary expenses 


afloat and ashore. Finest pleasure cruise ever planned. Optional 
14 and 17 day tours in India and Japan. 


Our Illustrated Booklets contain full information about the 
above and other cruises to the Mediterranean and the Adriatic 4 
Seas, the Nile, etc., etc. Send for them. — 
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Value and Distribution 


BY HERBERT J. DAVENPORT 


The author thus defines his position 
in his preface: “Since the time of Adam 
Smith, economic theory has been in 
possession of doctrines enough for a 
reasonably complete, consistent, and 
logical system of thought—if only those 
doctrines had been, with a wise eclecti- 
cism, properly combined and articulated. 
The emphasis in the present volume 
upon the entrepreneur point of view in 
the computation of costs and in the 
analysis of the process by which distrib- 
utive shares are assigned, has nothing 
new in it; it was necessary only that the 
point of view be clearly distinguished, 
consistently held, and fully developed.” 


500 pages, 8vo, cloth 
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Industrial Insurance 
in the United States 


By CHARLES RICHMOND HENDERSON 


speaking public, has already been published in a 

German series. The introduction contains a 
summary of the European laws on workingmen’s in- 
surance against accident, sickness, invalidism, and old 
age, with statistics to 1908. The text describes the 
various forms of social insurance known in the United 
States and Canada; local clubs and associations, fra- 
ternal societies, trade union benefit funds, schemes of 
large firms, corporations, and railways. One chapter 
is directed to labor legislation and another to employ- 
er’s liability laws. Illustrations of the movement are 
given in chapters on municipal pension plans for 
policemen, firemen, and teachers; also the military 
pensions of the federal government and southern states, 
‘The appendix supplies bibliography, forms used by 
firms and corporations, text of bills, and laws on the 
subject. 
448 pages. 8vocloth. Price, $2.00 net; postpaid, $2.19 
Published by 


The University of Chicago Pre Press 


CHICAGO 
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we print 
Advertisements 


in Our Journals 


HIS journal is published with the object of 
promulgating the results of advanced study | 
in the particular science which it represents. 
As a subscriber to the journal, you are, we 
assume, interested in the extent to which 
this can be accomplished, as well as in the 

perfection of its mechanical presentation. 


Each of these lines of effort is attended by a large 
outlay of money. It follows that the greater the income 
of the journal, the more nearly it can approach an ideal 
attainment in both directions. A legitimate—and in 
some cases a preponderatingly large—source of income 

is advertising. 


We exercise a rigid censorship over advertising. 
We accept none that we do not believe to be thoroughly 
reliable. We consistently refuse any that might in the 
| least degree be offensive or inappropriate to our clientéle 
of subscribers. 


In view of this, our readers may properly consult 
their own interests and at the same time render substantial 
assistance to the journal by patronizing the advertisers 
whose announcements appear in these pages, and by 
mentioning the journal when so doing. 


The University of Chicago Press 


Chicago, Illinois 
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"The Dustiproblem ‘in. schoolrooms: is 
that shiguld have the serious considera- 
tion of every Board of Education, every 
Superintendent of Schools, every Principal, 
every Teachers The elimination of dust is 
a that with peculiar force 
en these with the responsibility of 
earing for the health of pupils. 
HOW’DUST SPREADS DISBASE 
‘germs multiply with exceeding 
rapidity. A single germ falling on ‘fertile 
soi} will, inefedibly short space of 
time, upon millions of its 
isms are found 
by the millién in dust, so that every Curreat 
3 of air causes: the dust to be set in circula- 
and- witht the countless myriads of 
germs: that are. such a menace’ to 
The remedy for the elimination of dust 
ae sweeping and dusting, for such’ex- 
méereby start the germs afresh on 
their, of warfare against 
a The most @ffective method of dust pre- 
_-vention isthat of treating all wooden floors 
with suitable: dressing. 


e Danger of Dust in Schoolrooms 


UST Danger is a real—not a theoret- 
has proved that dust is the greatest 


‘carrier and disttibuter of discase germs 
known. ever present and ever active 
—it threaten’ thankind everywhere—in 
offices, stores, schools, corsidors.and. in 
every public building. : 


tt Can be Reduced Nearly One Hundred Per Gent. 


remarkable euceess in thousands of places 


i tremély satisfying, The action is purely 
mechanical. of a thin 
coat is sufficaent to Keep the floor at just 
i the right degree of moisture to catch and 
hold all dust and-dirt, 
| applied to floors about three or four times 
oa, a year to get 
me the floors should ‘he thoroughly cared for, 
so that with each sweeping the surface is 
8 left perfectly 


for household use. 


applying to. schools, public buildings, 
stores and offices. 


“subject. fully 


Standard is the tue 
remedy fof the elimination of dust. 1: 
has been tested by Physicians and fdu-a- 
tional Boards with most gratifying 
results, and reports. spew that it reduces 
the percentage of floati ig Gest xrarly ome 
hundred per ténte, We is being vsed with 


for counteracting. the dest evil. {very 
year the namber of users in- 
creases, and in all @ases results are cx- 


Standard Floor Dressing should be 
the best results; meanwhile, 


clean. 

Floors treated with Standard ‘“loor 
Dressing presetit a @plendid appca nce. 
The dressing acts a8 preservative and 
prevents the boards from splintering or 
cracking. ‘The, dressing not evap- 
orate; and by reducing. the labor of caring 
for the floors saves its cust many times over. 
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Oil and Gas 
stoves, faulty furnaces, contamninate 
thé air and cause sickness. Over 
the heating arrangement keep a ith, 
water containing a little» 


The Odorless Disinfectant 
Aveolo: less liquid; powerful, 
ecqnowical. Sold in quart bottles @nly, by 
Gtuggists, everywhere. Manwtaetuted by 
Henry}. Platt, New York and Moftreal. 
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